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ABSTRACT

REDUCING INTRINSIC COGNITIVE LOAD IN COMPLEX LEARNING SUCH AS
FLIGHT TRAINING THAT INVOLVES BOTH COGNITIVE AND PSYCHOMOTOR
TASKS

Adil Aslan
Old Dominion University, 2014
Director: Dr. Gary R. Morrison

Flying an aircraft requires processing or considering great number of inputs and
an ability to link these data to a massive amount of information in order to interpret them.
As a result, flight training imposes a high intrinsic cognitive load. The focus of this
research was to investigate the effect of decreasing intrinsic cognitive load for complex
tasks such as flight training that involves both cognitive and psychomotor tasks.
Participants (n = 38) completed an instruction unit on how to conduct a simulated Ground
Controlled Approach (GCA) and were asked to report perceived cognitive load in
addition to tests on achievement of simulator performance flight and procedural
knowledge. Depending on the treatment, participants studied instruction either (a) by
separating cognitive and psychomotor elements via telling-and-doing method or (b) by
isolating interactions between task elements via isolated elements method.
The findings of this study demonstrated that separating cognitive task elements
from psychomotor task elements did not yield lower cognitive load than learning task
elements in isolation, but more important, the separation of cognitive and psychomotor
task elements did not overwhelm the learners’ working memory. In addition, the findings

of this study supported previous research stating that there was a challenge in integrating
task elements as they studied far from their original context.
However, despite the higher cognitive load, participants in telling-and-doing
method outperformed the isolated elements group in terms of learning procedural
knowledge. The telling-and-doing method was more effective in learning complex flying
skills as it allowed the learner to keep the task as close as to whole task without
exceeding working memory capacity. Furthermore, the telling-and-doing method was
found better in supporting learners to develop optimal flying strategies.
Keywords: intrinsic cognitive load, complex learning, cognitive load, cognitive
and psychomotor learning tasks.
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CHAPTER I
INTRODUCTION AND LITERATURE REVIEW
Introduction
Flight training is one of the most complex skills to be acquired by a pilot. The
complexity comes not only from the difficult motor skills but also the cognitive aspects
corresponding to each motor skill. For example, if a student is required to perform a basic
skill such as reporting his position via radio, then a simple diagram indicating the
location of the radio button and instructions on which buttons to push may be sufficient.
On the other hand, if the student is required to perform a more complex skill, such as
keeping horizon at a number of inches above from canopy rail in order to maintain level
flight by using control stick, the location and movement of the control stick is of little
value to the student unless the student knows what “move” means or what action will
result from that movement. In this sense, taking into account the cost and attrition rates in
addition to the complexity and cognitive requirements of flight training, the need for the
more effective instructional environment designed for flight training in particular
becomes inevitable.
The amount of working memory used in learning tasks is defined as cognitive
load. According to cognitive load theory; the limited working memory capacity (Sweller,
van Merrienboer, & Paas, 1998) requires designs that make available maximum working
memory capacity for learning (Bannert, 2002). The main assumption of cognitive load
theory is to reduce that load created by poor designs that reduce working memory
capacity for learning.

There have been numerous studies investigating the strategies to minimize
cognitive load while learning (Gerjets, Scheiter, & Catrambone, 2004; Lee, Plass, &
Homer, 2006; Pollock, Chandler, & Sweller, 2002; van Bruggen, Kirschner, & Jochems,
2002; van Merrienboer, Kirschner, & Kester, 2003). There are two sources that contribute
to cognitive load: intrinsic cognitive load refers to the nature of the material to be learned
and extraneous cognitive load resulted from the design of the instructional material
(Sweller, Ayres, & Kalyuga, 2011).
Intrinsic cognitive load is affected by element interactivity of material being
learned. Flying an aircraft requires processing or considering great number of inputs (e.g.
altitude, speed, and caution panel or engine instruments) and an ability to link these data
to a massive amount of information in order to interpret them. As a result, flight training
imposes a high intrinsic cognitive load. For this type of complex learning, having learners
to process all information simultaneously will overwhelm working memory and the
learner will fail to create appropriate schema.
To address high intrinsic cognitive load, alternative modes of presentation are
suggested including isolated-interacting (also known as part-task) concept (Pollock et al.,
2002), pre-training (Mayer & Moreno, 2003), simple-to-complex sequencing (van
Merrienboer, Kester, & Paas, 2006), segmenting materials (Mayer & Chandler, 2001),
modular approach (Gerjets et al., 2004), and emphasis change (Gopher, Weil, & Siegel,
1989). These studies suggest that when dealing with complex information; intrinsic
cognitive load can be reduced by learning non-interacting elements in isolation (Sweller
et al., 1998) or by eliminating the interactions among the information elements (van
Merrienboer & Sweller, 2005).Thus, teaching flying would be more effective if the

intrinsic cognitive load was reduced, that is, the complexity of task is decreased. The
focus of this study is to investigate the effect of decreasing intrinsic cognitive load for
complex tasks such as flight training that involves both cognitive and psychomotor tasks.

Literature Review
There has been considerable interest and debate in areas of cognitive processes
involved in understanding instructional material. Memory processes, conventionally,
have been described in three stages; acquisition, storage, and retrieval. To learn, new
information must be perceived and processed by working memory; next it must be stored
in long-term memory, and then retrieved when it is needed. In this chapter, cognitive
architecture and learning process according to cognitive load theory will be reviewed.
Then, previous studies that suggest methods to increase the effectiveness of learning
processes through reduced intrinsic cognitive load will be discussed.
Cognitive Architecture
According to Bruning, Schraw, Norby, and Ronning (2004) information is
processed through three distinct memory systems as each refers to the three actions
described. The initial memory component that identifies incoming stimuli is sensory
memory. The perceived information is processed in working memory where it is
integrated with existing meaning recalled from long-term memory and then stored in
long-term memory.
Short-term memory was initially identified as the component actively processing
information instead of passively maintaining, thus, it has been renamed as working
memory (Baddeley & Hitch, 1974).Working memory differs from sensory and long-term

memory, as it is the only memory that we can monitor and use for all of our conscious
activities (Sweller et al., 1998). It refers to the place where information is processed for
meaning.
Long-term memory (LTM) is the component of cognition system where
everything stored in memory including permanent knowledge and skills that are not
currently being used (Kirschner, 2002). It not only refers to small or isolated facts, but
also larger chunks of information including complex interaction and procedures (Sweller
et al., 1998). Because its contents and functioning is filtered through working memory,
humans are not directly conscious of LTM (Kirschner, 2002; Sweller et al., 1998).
The most notable model depicting working memory was suggested by Baddeley
(1986). This model divides working memory into three main components. The executive
control system as the first component governs activities in working memory by selecting
information to enter the system and strategies to process that information. The other two
components are visual-spatial sketch pad that processes spatial information and
phonological loop for processing verbal information. The latter two subsystems are
controlled by the central executive system (Baddeley, 2001).
This original model was updated by Baddeley (2000) by adding a component
called the episodic buffer that comprises a limited capacity system providing temporary
storage of information. The episodic buffer acts as a backup store which communicates
with both long-term memory and the components of working memory. The updated
working-memory model proposed by Baddeley (2000) is provided in Figure 1.
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Figure 1. The revised working-memory model with episodic buffer (Baddeley,
2000)

Cognitive Load Theory
Cognitive load theory was proposed in the 1980’s and has gone through
significant development and expansion in 1990’s. It provides a framework for
investigations into instructional implications of the interaction between information
structures and cognitive architecture related to studies of cognitive processes and
instructional designs allowing learners to process instructional information (Sweller et a l,
1998; Sweller, 1994).
Cognitive load theory is based on the proposition that human-working memory
has only a limited capacity (Bannert, 2002). Learning occurs as an active process of
meaning making and knowledge construction within the constraints of that limited
resources of learners’ working memory (Lee et al., 2006).
Cognitive load theory provides instructional design guidelines to facilitate
understanding and learning by using features of the structure of information and of
human cognitive architecture and their interactions (Pollock et al., 2002). By
incorporating these design guidelines, the information can be presented in a manner that

learner’s intellectual performance is optimized (Sweller et al., 1998). In other words,
cognitive load theory deals with the question of how we can make sure that the limits of
the learners’ working memory load are not exceeded during learning activities
(Kirschner, 2002).
Cognitive load theorists have identified two sources that contribute to cognitive
load and are potentially active during learning: intrinsic and extraneous load (Sweller et
al., 2011). The first type, extraneous, is a result of the design or presentation of the
instruction. The second, intrinsic, pertains to the inherent structure and complexity of
instructional materials.
Extraneous cognitive load. Extraneous cognitive load refers to the load that is
caused by the formatting of the materials (Brunken, Plass, &Leutner, 2003) as the design
choices directly affect the working memory requirements related to the instructional
activities. Since any load imposed by these design choices takes up cognitive resources
without contributing to learning, the goal in the design of instruction is to reduce
extraneous cognitive load (Lee et al., 2006). For example, extraneous cognitive load is
increased in a textbook when the narrative describes a figure and the learners must
constantly move their attention from the narrative to the figure. This design creates split
attention that requires the learner to use valuable working memory sources to keep track
of their position in the text and figure. In this example, the increased extraneous cognitive
load could be reduced by integrating the narrative and figure (Kalyuga, Ayres, Chandler,
& Sweller, 2003).
Intrinsic cognitive load. Intrinsic cognitive load is the result of structure and
complexity of the content being learned (Chandler & Sweller, 1991) and refers to the

7

load placed by the elements of the information to be learned by the new material. The
number of interacting elements in the material defines the complexity of any given
content (Brunken et al., 2003; Sweller et al., 2011). That is, the amount of informational
units that a learner needs to hold in working memory to comprehend the information
affects the complexity of instructional material (Pollock et al., 2002) and the degree of
intrinsic cognitive load.
The level of element interactivity refers to the extent to which elements of
instructional material can be meaningfully learned without considering relation between
other elements (Sweller et al., 1998). Therefore, high element interactivity occurs if it is
necessary to process multiple elements simultaneously as they cannot be learned in
isolation (Ayres, 2006).
Low element interactivity is defined as a situation in which elements of
instructional material can be understood and learned without consideration of any other
elements, which prevents a heavy load on working memory. For example, learning the
features of each keyboard shortcut in a photo-editing program constitutes a low element
interactivity as functions of keys do not interact with each other and can be learned
individually (Paas, Renkl, & Sweller, 2003). However, if a learning task is to edit a
photograph on a computer; the element interactivity is high as photo-editing keys’ .
functions will affect each other. Thus, in this case, learners have to comprehend the
elements of the material but also their interactions which cause an additional cognitive
load.

Complex learning
Complex learning is defined as the integration of knowledge, skills, and attitudes;
the coordination of qualitatively different constituent skills (van Merrienboer et al.,
2003). It deals with learning to coordinate and integrate separate skills rather than
learning separate skills in isolation (van Merrienboer, Clark, & de Croock, 2002).
Previous studies investigating instructional methods to reduce cognitive load have
focused on extraneous cognitive load. However, van Merrienboer and Sweller (2005)
stated that because contemporary real-life tasks comprise high intrinsic cognitive load as
a result of its complexity, new instructional methods are needed to manage that high
cognitive load. Even though cognitive load theory might be helpful for issues about
cognitive processes and instructional design, when it comes to complex material, this
theory loses its effectiveness because all the elements of instructional content should be
processed simultaneously in order to ensure understanding for the complex learning. The
high interactivity material cannot be understood until a schema has been constructed and
a schema cannot be constructed until all elements are processed simultaneously
(Sweller& Chandler, 1994).
Schema Theory
Sweller (1994) suggested that acquiring any instructional content is dependent on
two critical learning mechanisms: schema acquisition and the transfer of learned
procedures from controlled to automatic processing. A schema is defined as a “cognitive
construct that organizes the elements of information according to the manner with which
they will be dealt” (Sweller, 1994, p.296). Because schemas effectively increase the
amount of information that can be held in working memory by chunking individual

elements into a single element, the load on working memory from the high interaction of
elements is reduced (van Merrienboer & Sweller, 2005). Most of the learned, intellectual
skills that people demonstrate can be explained by using schemas. For instance, an ability
to read varying text, whether it is handwritten or printed, could be explained by schemas
that learners have acquired for each letter, many words and probably even many words
combinations.
Reducing Intrinsic Cognitive Load
Despite the number of studies examining the methods to optimize extraneous
cognitive load, there are few studies on intrinsic cognitive load. Sweller et al. (2011)
noted that intrinsic cognitive load cannot be altered unless either the learning task or the
knowledge levels of the learners is altered. That is, for a particular task presented to the
learners with a particular level of knowledge, intrinsic load is fixed. The reduction in
intrinsic cognitive load only has been achieved by changing the nature of the learning
task. In this sense, one of the more common solutions to reducing intrinsic cognitive load
is a part-task training approach (Gopher et al., 1989). The main argument of part-task
training is that studying individual subcomponents of a complex skill will improve
performance on the complex skills because the interaction is reduced (Carlson, Khoo, &
Elliot, 1990). Thus, the amount of information that needs to be processed simultaneously
is decreased, which provides less cognitive load as a result of lower element interactivity
and facilitates schema formation.
Depending on the high interactivity o f the elements, it is often not possible to
process all the elements simultaneously. This problem has been a subject of many studies
over a long period of time. Recent studies have shown that the intrinsic cognitive load

can be altered for a learning situation using a strategy such as part-task in which
understating is temporarily not an objective (Fabiani et al., 1989; Gerjets et al., 2004;
Goettl & Shute, 1996; Gopher et al., 1989; Lee et al., 2006; Lim, Reiser, & Olina, 2009;
Newell, Carlton, Fisher, & Rutter, 1989; Peck & Detweiler, 2000; Pollock et al., 2002;
van Merrienboer, 1997). These studies have shown that as a learner’s expertise develops
in a domain, interacting elements can be learned and incorporated into schemas that can
act as a single element; thus, decreasing the intrinsic load (Kalyuga et al., 2003; Pollock
et al., 2002; Renkl & Atkinson, 2003).
Previous Studies
A majority of the previous studies focused on examining the effectiveness of
strategies to decrease element interactivity. These strategies range from solely isolating
task elements to emphasizing some of them or sequencing them from simple to complex.
Lee et al. (2006) were interested in methods to reduce the intrinsic cognitive load
by optimizing cognitive load without eliminating any content in the visual displays of
scientific computer-based simulations designed for seventh-grade students. They
manipulated intrinsic cognitive load by separating the high complexity materials into
chunks with lower element interactivity that were presented and processed separately.
They used two different types of displays, one screen with high element interactivity or
two separate screens with low element interactivity in a computer-based simulation
showing the relationship among pressure, temperature, and volume of a gas as suggested
in the ideal gas law. They replaced a single visual display having high visual complexity,
including all elements (temperature, volume, and pressure) in the ideal gas law, with two
displays, one showed interaction between temperature and volume while the other

showed interaction between pressure and volume, each having low visual complexity in
order to lower intrinsic cognitive load by presenting and processing elements separately.
Visual complexity is defined as the absolute number of the subcomponents an image
contains. That is, the more subcomponents, the more element interactivity meaning the
higher intrinsic cognitive load; thus, the higher the visual complexity of the image (Patel
& Holt, 2001). It was expected that having less subcomponents would lower the intrinsic
cognitive load. Thus, reducing cognitive load by splitting displays would be effective for
low prior knowledge learners in particular for whom initial reduction of intrinsic
cognitive load was necessary to be able to process information.
Lee et al. (2006) altered intrinsic cognitive load by using high and low complexity
displays. Extraneous cognitive load was optimized by using iconic and symbolic
representations. Participants included 257 seventh-grade students. Participants were
randomly assigned to one of four groups (2 visual complexity x 2 presentations). The first
factor was the visual complexity: high complexity with one screen or low complexity
with two separated screens. The second factor was the type of presentation either
symbolic or iconic.
The study revealed that it is possible to manipulate visual complexity (i.e.,
intrinsic cognitive load). That is, separate screen displays and the use of optimized visual
displays increased understanding and transfer especially for low prior-knowledge
learners, which suggests that this strategy reduced intrinsic cognitive load.
Ayres (2006) examined the effectiveness of element isolation strategy in
mathematical domain. Three groups consisting of 13-year-old participants were asked to
study a mathematical task under different conditions. Participants were assigned to one

of three groups (a) isolated group (isolated constituent elements of tasks were used
according to part-task approach), (b) integrated group (all elements were integrated), and
(c) mixed group (mixed strategy progressing from part-task to whole-task). There were
two sets of bracket problems (an algebraic tasks of the type 5 (3x-4)-2(4x-7) where
students were required to multiply out the brackets) used in the experiment. The problem
in the integrated set required a total of 32 calculations presented as eight whole tasks per
problem. The problem in the isolated set required the same 32 calculations presented as
32 part-tasks. The study revealed that the higher ability group performed better with a
fully integrated strategy compared with an isolated-element approach. The isolated
approach was found more beneficial for the lower ability students.
While Ayres (2006) examined the effectiveness of only an isolated elements
approach versus integrated approach, Pollock et al. (2002) studied the effectiveness of
combining those two approaches. According to Ayres, it might be argued that the
isolated elements approach might not be necessary for learners who have already
acquired sufficient schemas to process all the elements with their interactions
simultaneously. Pollock et al. stated that if the learners are unable to process all
interacting elements in working memory, studying isolated elements followed by
interacting elements would be more beneficial to learning. Pollock et al. examined this
argument by comparing isolated-interacting elements method versus interacting only
method. The participants were 22 first-year industrial students who had not studied
electrical safety tests. Two sets of instructional material used in the study: one set
included isolated elements without emphasizing on the interactions between them
(isolated elements condition); while the other included interactions in addition to the

isolated elements (interacting elements condition). In the isolated-interacting elements
instructional technique, the information was presented in two stages: In the first stage,
learners studied individual elements of information forming a concept (isolated set
booklet), and then in the second stage, they were presented whole information with the
interaction between elements (interacting set booklet). With the interacting elements only
method, the instruction was presented with all the information at both stages (interacting
set booklet at both stages). Pollock et al. found that for the novice learners, the transfer
rate of isolated-interacting element instruction group was higher than the interacting
element only group. The learners in the isolated-interacting group were able to create
initial schemas as they achieved learning with lower intrinsic cognitive load by
eliminating interactions at first stage. This conclusion suggests that for learners to process
complex information, the intrinsic cognitive load of the material should initially be
artificially reduced for novice learners.
This finding may seem to contradict the initial argument that intrinsic cognitive
load cannot be altered (Sweller et al., 2011, 1998; Sweller & Chandler, 1994) because it
refers to the internal structure of material itself. Pollock et al. (2002) argued that
understanding is an ultimate goal of learning. If immediate understanding is an objective,
intrinsic cognitive load of the material is fixed; however, it may not be necessary to
expect learners to understand in a learning situation where understanding is temporarily
not an objective. Discrete information units might be created at the initial stage by
eliminating the interactions between information elements. If the intrinsic cognitive load
is artificially reduced, the information can be processed serially instead of
simultaneously. Subsequently, learners can study the material at its original level of

intrinsic load in following learning phase. They labeled this approach as the “isolatedinteracting elements” procedure.
Lim et al. (2009) investigated the effects of part-task and whole-task methods and
the level of prior knowledge on learner acquisition and transfer of a complex cognitive
skill. In their study, the 4C/ED model (van Merrienboer et al., 2002) was selected as
whole-task method because it was considered particularly suitable for complex learning
and availability of more detailed instructional design guidelines than other similar
models. Fifty-one pre-service teachers participated in the study to create a grade book
using Excel. The participants in the part-task group viewed a demonstration of
constituent skills as series of smaller tasks involved in preparing a grade book separately,
such as merging cells, inserting a chart, copying a formula, or entering a data. The
learners were asked to perform the same task at their own work station as each skill was
demonstrated by the instructor. The other group viewed constituent skills in the context
of whole task not as isolated procedures as they were provided with a modeling example
describing how to use Excel to create the grade book. After that demonstration, the
learners were asked to create the same grade book that the instructor had just created.
Results showed that a whole-task instructional approach is more effective in acquisition
and transfer of complex skills. In addition, the results revealed that there was no
interaction between prior knowledge and the two treatment conditions. They stated that
the participants might have been misclassified because the pretest did not assess learners’
ability given the pretest scores and achievement test scores.
The Lim et al. (2009) study found that whole-task approach is more effective in
contrast to other findings. The part-task approach often encounters design problems. The

first problem is the difficulty of determining the most appropriate parts to study
separately (Wightman & Lintem, 1985). The second problem is the possibility of
changing the nature of elements as they are studied far from their original context. Thus,
the learning achieved in isolation may not be transferred to the performance of the whole
task as the connections are lost when studying decomposed task elements (Gopher et al.,
1989).
The majority of the results showed that reducing element interactivity through an
isolated approach or isolated-integrating approach is beneficial for learning; however,
they were achieved in knowledge domain that didn’t include any psychomotor skills (Lim
et al., 2009). One criticism is that they are often applied only to the training of low
complexity skills that may be acquired in a short period of time without reducing element
interactivity.
Playing a high demanding computer game requires similar skills to flying an
aircraft, except for the physical attributes. Gopher et al. (1989) studied the effectiveness
of training complex skills through multiple emphasis changes on subcomponents of
complex task by using a computer game, Space Fortress. Taking into account the
challenges with part-task method, the difficulty in decomposing task and acquiring
interactions with isolated elements, they proposed to manipulate only the relative
emphasis of selected subcomponents and leave the whole task intact. That is, instead of
breaking the task into parts and isolating it from whole, they suggested changing its
attention status as different elements were selected to emphasis on different trials. In this
sense, they conducted an experiment with two types of emphasis manipulations: control
of the space ship and handling of mines. There were four groups of participants playing

that computer game according to emphasized subtask: (a) ship control, (b) mine handling,
(c) double manipulation (both ship control and mine handling), and (d) control group (no
emphasizing). Participants played the game for 10, one-hour sessions. Each session was
composed of several game trials prepared according to emphasis type. Participants in the
control group played the game for the same duration without exposure to any emphasis.
The ship control group played the first six game sessions with instructions to concentrate
on ship control, and then they played the remaining four sessions as a standard game.
During the ship control sessions, they were instructed to focus on the control of the ship
and attend to other elements as much as possible, while not allowing ship control to
suffer. The mine handling group did the same training by focusing on mines. The double
manipulation group played the first three sessions by focusing on ship control, then three
sessions by prioritizing mine handling, and the remaining four sessions were played
without any emphasis area. Gopher et al. found that the group instructed with emphasis
change on a specific subcomponent (e.g., ship handling or mine handling) of a complex
task performed better than the control group who played the game without any specific
instructions. Specifically, the double manipulation group scored higher on total game
score than the other three groups and the ship control group scored higher than the mine
handling group in overall game play. That result was explained as participants in the
double manipulation group received special training on two rather than one important
element of the game. Ship control group was better than mine handling group because the
control of the ship was mandatory for competent game performance; thus, the mine
handling group did not maximize the utility of learning because of their poor control at
the beginning. Gopher et al. argued that the part-training approach through emphasis

change would be more efficient than uninstructed practice since it would help learners to
construct strategies and lead them to incorporate those strategies into long-term schemas.
Similarly, Newell et al. (1989) examined the effectiveness of whole-part-whole
training regimes of response dynamics for learning a simulator task with different
procedural strategies. The study included three experiments. The first experiment
contrasted three different part-task conditions. In treatment one, prior practice condition,
participants practiced coordinated subtasks in isolation. The second treatment group,
prior plus daily practice condition, practiced the game as first group did initially;
however, they continued playing the full game with increasing difficulty levels. The third
treatment group played the full game with no prior subtask practice. The overall results of
the study found the part-task training procedures on skill acquisition with complex
simulator tasks were more effective than the baseline control conditions. The results of
the first experiment showed that even though the practiced isolated subtasks group
produced more effective control of the response dynamics, the practiced full game group
who received increasing difficulty level sequential isolated subtasks, produced a game
score advantage over the practiced isolated subtasks group.
This study was important in terms of decomposing learning task into appropriate
stages. Newell et al. (1989) argued that subtasks should reflect the natural unit of
coordinated activity to facilitate skill acquisition, that is, they should reflect “small
wholes” rather than isolated parts. This conclusion supports the assumptions made earlier
that lowered difficulty rather than isolated elements would be more beneficial with regard
to more complex material.

In previous research, it was shown that part-task training methods improved
participants’ performance. Fabiani et al. (1989) compared the rate of learning and the
final performance of participants achieved with these strategies to define the rules that
govern the effectiveness of part-task training methods. They examined the rate of
learning and the final performance of learners according to training method by comparing
two part-task training methods with a control group based on whole-task method. In the
first group, participants were exposed to the entire task throughout the training period,
but emphasizing different task components during different phases of training that they
labeled the integrated approach. In the second group, participants practiced a series of
sub-tasks designed to emphasize the hierarchical nature of the sub-tasks, the hierarchical
approach. They implemented a dual-task procedure at the end of the experiment to
evaluate the susceptibility of acquired skills that was different from prior studies. Eight
tasks, such as repeating a day or random letter generation, were selected to be performed
in conjunction with the Space Fortress game. The results supported findings from the
Newell et al. (1989) study as participants trained with either of the part-task methods
achieved higher scores while the hierarchical group achieved superior performance when
the game was performed alone (Fabiani et al., 1989). Even though the integrated group
showed better performance on some measures, such as ship movement or velocity
control, they did not develop optimal flying strategies. However, the integrated group’s
performance was more resistant to disruption by concurrently performed secondary tasks.
The possible reason for that situation was stated as the lack of augmented feedback or
emphasis shift on the management of resources in the integrated group. Even though
there was an emphasis change in the integrated group, because the entire task was studied

throughout the training, the same amount of resources was emphasized as opposed to the
hierarchical group. In addition, there was a relation between the initial capability of
participants and the effectiveness of training method as the hierarchical method was
found more beneficial to the participants who scored poorly on the screening task taken
before training. Participants who scored high on the screening task did well regardless of
the training method they received.
The implications of these conclusions affect the design of flight training. Even
though employing part-task method was found helpful in constructing initial schemas,
this argument may not be applicable for learning flying tasks because of the level of
interactivity between task elements in flight training. That is, it might not be possible to
isolate tasks elements in flight training as they may become meaningless when isolated.
For instance, the learners might practice moving the control stick regardless of the
throttles position to keep the horizon at four inches above from canopy rail in order to
ensure level flight at the beginning and become familiar with the responses of the aircraft
according to amount of control stick movement. It might be easier for learners to
understand the relationship between the amount of control stick movement and aircraft
response by isolating other factors affecting level flight. However, changing the throttles
position not only affects the required horizon position, but also the response of aircraft
per stick movement. Thus, even though isolating other elements might make learning the
ability of positioning aircraft according to horizon for level flight easier at the beginning,
that ability would not be applicable to new situations as a learned subcomponent might
lose its meaning in interacting different elements. On the other hand, if the training is
designed according to whole-task approach, such as all factors affecting aircraft response

to control stick movement are available, the learners might not classify and understand
the responses of the aircraft and the stimulus. In addition, if the learners have to control
all factors at the beginning, they might not be able to follow resulting changes because of
cognitive overload. If they are able to do so, learning all elements of task with the
interactions would cause a higher transfer rate as the learning outcome would be
applicable to any situation.
Goettl and Shute (1996) conducted a study examining complex skill acquisition
involving a dynamic spatial task in a flight simulator. There were two experiments
conducted in that study. The first experiment examined the effectiveness of part-task
training approach compared to a whole-task approach by isolating the component tasks as
exploring their relevance to the criterion task. The second study compared two different
part-task training conditions with whole-task training condition by focusing on some
component tasks employed in experiment one. Forty-two males and 38 females with a
high school diploma and a range in age from 18 to 30 participated to the study. The study
was conducted at the Lackland Air Force Base with the desktop flight simulator Phoenix.
The criterion flight task consisted of an airborne slalom course where participants “flew”
the simulator through “gates” in the sky. The gates were positioned so that participants
had to turn left or right and climb or dive at the same time if required in order to fly from
one gate to the next. There were two training groups formed according to instructional
method: part-task and whole-task. The part-task group’s training was comprised of
practicing (a) basic flying skills that involve maneuvering an airplane to reach specific
values in pitch and roll axes, (b) adjusting altitudes and headings, (c) gate aiming skills or
slalom task (as described in the criterion skill), and (d) spatial orientation skills (locating
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a gate on the radar map and flew through it). The whole-task group training consisted of
an airborne slalom course that included only the third and the fourth task of the part-task
training.
The first experiment, component task analysis, found that that the part-task
training method was only moderately effective. That is, even though there was some
transfer for the part-task training group from component tasks to the slalom task, the
amount of transfer was modest (55% to 58%). Goettl and Shute (1996) explained that a
significant portion of the part-task training, adjusting altitudes and headings, might have
disrupted learning on the criterion task because those tasks were not critical to the
criterion task. They suggested that by eliminating the less relevant tasks, the effectiveness
of part-task training method would be improved. Thus, in the second experiment, they
tested two part-task training programs, (a) focusing on the gate-aiming component tasks
and (b) including altitude-heading and spatial orientation tasks, with a whole-task training
condition. The whole-task instruction was the same as described in the experiment one.
The second experiment found that removing the irrelevant component tasks identified in
the first experiment resulted in a more efficient part-task training regime. Goettl and
Shute concluded that the more efficient part-task regime was created by focusing on the
critical tasks.
The main argument of part-task training technique is that exercise on individual
subcomponents of a complex skill will improve performance on the complex skills
because the interaction is reduced (Carlson et al., 1990). To develop successful strategies,
it is important for part-task approach to capture critical relationships between sub-tasks
(Schneider & Detweiler, 1988). There are certain challenges with part-task approach. The

22

most common difficulty is determining most appropriate parts of the task to process
separately. The other problem is the possibility of changing the nature of the task as it is
removed from their broader context in which they are performed. This problem might
cause inability for learners to successively transfer the instructional content achieved in
isolation in new situation (Croock, Poas, Schlanbusch, & van Merrienboer, 2002), or
even have a negative transfer to the performance of the whole task (Gopher et al., 1989).
Those arguments have diverted attention towards the whole-task approach so that
learners can start with integration of constituent skills that helps them to attain
comprehensive skill. This approach assumes that learning tasks consist of categories as
each one represents a version of the task with particular complexity and a more complex
task requires more knowledge or more effective performance than the preceding (van
Merrienboer et al., 2003). For the simpler task class, the number of elements and
interactions required to process simultaneously in working memory is lesser than the
number required for more complex tasks (Pollock et al., 2002).Therefore, through the
whole-task approach learners might acquire a more comprehensive skill as cognitive load
will incrementally rise according to the level of learners.
For example, monitoring three control indicators (attitude gyro, vertical speed,
and heading indicator) simultaneously is a critical skill for instrument flight, a flight
condition that includes no exterior visual such as night flight. Pilots understand spatial
attitude and determine corrective or required actions by observing those three indicators
at the same time. This skill can be learned by practicing one pair at a time according to
part-task regime. In this case, the interaction, thus intrinsic cognitive load, would be less
compared to the criterion task which involves monitoring three of them simultaneously.

However, strategies formed by learners in learning this task, pair interactions, might not
be effective in the criterion task condition where all three interactions must be
considered. To avoid this problem, the number of interactions may be controlled by
manipulating the level of complexity instead of the number of elements as suggested by
whole-task regime. Accordingly, three control indicators can be practiced at the same
time with increasing complexity starting from the simplest version. That is, learners may
start monitoring the three together with the aim of keeping them constant. The next step
would be to change only one instrument while keeping the other two constant. In this
case, strategies created by learners will be valid as they are formed in an original context
of criterion task. Thus, it may be argued that whole task training method would be more
useful providing that the learners’ working memory processing capacity is not exceeded.
However, it might not possible for novice learners to process flying tasks in working
memory because of the amount of element interactivity in the whole task condition even
if they were simplified. For example, monitoring those three indicators and determining
corrective actions requires achieving strategies regarding the interactions between
instruments. Initial strategies can be provided by the instruction; however, considering
the endless number of variations from the instruments as well as and psychomotor
responses, especially for novice learners, whole task approach conditions would likely
exceed learners’ working memory limitations for flight training in particular.
There are different conditions suggesting part-task training is more effective
(Ayres, 2006; Gopher et al., 1989; Newell et al., 1989; Pollock et al., 2002) or whole-task
training is more effective (Goettl & Shute, 1996; Lim et al., 2009; Peck & Detweiler,
2000). The difference stems from the nature of the material; thus, the amount of

interactivity between elements of the material to be learned. That is, it is assumed that
decomposing and isolating task elements becomes harder as the complexity of the
instruction increases. For example, while part task learning strategies were found better in
learning low complexity skills, such as learning the ideal gas law (Lee et al., 2006),
bracket problems (Ayres, 2006), or electrical safety test (Pollock et al., 2002), for more
complex skills, such as flying tasks in Space Fortress game, a combination of part and
whole task strategies (Fabiani et al., 1989; Goettl & Shute, 1996; Newell et al., 1989) was
found more effective as relationships between subtasks and criterion task became more
critical.
This argument should be considered in designing pilot training as it constitutes
one of the most complex training tasks that include high interactivity not only between
elements of individual tasks as well as the interaction among criterion tasks or individual
tasks. For instance, learners cannot leam how to maintain air speed without considering
the change in altitude or adjusted power. The learners might leam how to adjust speed
(i.e., by feedback such as “shouldn’t we advance throttles to get 300 knot?”); yet, they
might not be aware of or understand what really causes a reduction in airspeed, which
requires them to process variety of different tasks or schemas (i.e., the reason might be
the change in aircraft configuration or increment in G load). One approach might be
telling the real reason for decreasing the airspeed (i.e. “you are getting up, the speed will
decrease”), but still it might not be adequate because the learner still has to process all the
information related to airspeed in order to decide the required action as that action will
cause a change on other factors (i.e., required power).

The learning tasks in flight training require both cognitive and physical skills.
Based on prior studies (Gopher et al., 1989; Kalyuga et al., 2003; Pollock et al., 2002;
Sweller et al., 2011, 1998; van Merrienboer et al., 2003), one conclusion is that the
cognitive demand is higher in a situation in which learners have to process cognitive and
psychomotor requirements simultaneously. For example, as a requirement of instrument
flight training, pilots must be able to keep descent rate at specified value by monitoring
vertical speed indicator (VSI). Learners must maintain the placement of miniature aircraft
in the attitude gyro and crosschecking the VSI to make sure that the descent rate is as
required. This task mostly requires a psychomotor skill. However, when learners need to
change the descent rate to a new value, they have to determine the amount of correction
in the miniature aircraft placement on the horizon in the attitude gyro according to the
change required in the descent rate. The cognitive demand becomes higher at this time
because learners have to process additional task elements in comparison to the previous
task.
Previous research (Ayres, 2006; Gerjets et a l, 2004; Goettl & Shute, 1996;
Gopher et al., 1989; Lee et al., 2006; Newell et al., 1989; Pollock et al., 2002; van
Merrienboer et al., 2002; van Merrienboer et al., 2003) examined the effectiveness of
pure part-task and whole-task approaches and their various combinations. In doing so, the
learning tasks were decomposed, isolated, or manipulated into different difficulty levels.
However, none differentiated between cognitive aspects and psychomotor requirements.
Given the high interactivity between elements of flying tasks and necessity to
process cognitive and psychomotor task elements simultaneously, it is expected a tellingand-doing approach (adopted from Federal Aviation Administration, 2008) might be
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more beneficial in overcoming challenges of high intrinsic cognitive load in flight
training. According to this approach, first, the task is demonstrated by the instructor while
learners are given full-verbal explanations of cognitive aspects of the task. This stage is
labeled instructor tells-instructor does. During the demonstration, the instructor explains
the required power settings, aircraft attitudes, and any other pertinent factors that may
apply. The learners achieve knowledge regarding the steps involved and the techniques to
be used in isolation from physical skills. The demonstration of the whole task is
necessary for flying tasks at the initial stage for learner to understand the context in
which subtasks should be practiced. It is anticipated that if learners view the whole task
without any interruption that consumes working memory capacity, then the learners will
comprehend how that task the elements take part in the whole task even though they do
not understand how other task elements will affect the current one. At the second stage,
the learner tells as the instructor does, which is called student tells-instructor does. Being
freed from the need to focus on performance of the maneuver and from concern about its
outcome, the learners can achieve initial schema constructions in the whole task format.
That is, learners may allocate whole working memory capacity to process procedural
knowledge instead of motor skills. During the third stage, instructor tells-student does,
learners practice what they have learned so far. Because learners have dealt with
procedural knowledge during first and second stages, they might allocate whole working
memory capacity to process motor skills. It is expected that creating schemas regarding
element interactions and cognitive knowledge during two initial stages will help learners
to concentrate on only physical skills at this stage. Then, at the fourth stage, student does-
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instructor supports, learners conduct the task that being practiced including both
cognitive and physical requirements.
Within this context, the telling-and-doing technique might be helpful in
decreasing intrinsic cognitive load in flight training. It could be useful as it reduces
cognitive load as a result of lower element interactivity.
Problem Statement, Hypotheses, and Research Questions
There are mixed results from the prior research suggesting either part or whole
task approaches or modified versions of these approaches according to the nature and the
complexity of the material and the level of learners’ prior knowledge. There is a support
for the idea that the intrinsic cognitive load can be reduced by decreasing element
interactivity. However, the results also revealed that for the complex tasks such as flight
training the element interactivity cannot be reduced merely by isolating elements or
decomposing task, because subtasks might lose their meaning without interaction of
related elements. For this type of training an alternative mode of presentation is required.
The purpose of this research was to examine the effectiveness of telling-and-doing
technique as whole-task training approach in reducing intrinsic cognitive load in flight
training.
Different than other learning tasks, flying tasks include both cognitive skills and
psychomotor skills. It was predicted that during the initial stage of learning for novice
learners in the telling-and-doing treatment by isolating cognitive tasks from psychomotor
tasks would report a lower intrinsic cognitive load. Second, it was predicted that during
the simulator performance test, the learners in the telling-and-doing treatment would
report a lower intrinsic cognitive load.

Research Questions
There were two research questions that guided this study:
1. Can flying tasks be taught by separating cognitive tasks from physical tasks?
2. Which of the instructional methods, telling-and-doing or isolated elements, is
more coherent in learning complex flying tasks when controlling for student
ability?
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CHAPTER II
METHOD

Participants
Thirty-eight NCOs at Staff Sergeant rank aircraft maintenance personnel, aged
from 20 to 25, who had no pilot experience participated in the study. Considering the
approximate learners’ age receiving pilot training in Turkish Air Force that age range
would be the most appropriate in reflecting a realistic learning environment. Considering
security issues and permission required to use the military facility, the participants were
from aircraft maintenance personnel. They comprise of biggest population in an air base
and include majority of mentioned age range that offers a good opportunity to access
specified participants. All participants had passed the screening that they received as Air
Force personnel and additional pilot screenings were not used. This screening assessed
participants’ physical attributes, such as eyesight, hearing, or minimum height; thus, all
participants posed appropriate attributes required for simulator flying.
Participants were asked to identify if they had any flying experience on any air
platform or computer flying simulation games. Volunteers who had taken flying lessons
or had played simulation games using airplane cockpit instruments for more than ten
hours in last three months were not accepted to the study. Participants were pretested to
identify their psychomotor ability levels. Participants were assigned to one of the two
treatment groups according to their psychomotor ability so that to distribute them evenly.
The psychomotor pretest scores were used in analyzing results to eliminate any potential
effect stemming from varying psychomotor ability.
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Treatments
There were two treatments in this study: the telling-and-doing approach and the
isolated-elements approach. Because the simplified version of Ground Controlled
Approach (GCA) was used in the experiment, the ground training included the general
introduction of study and the cockpit instruments.
Instruction
Ground Controlled Approach (GCA) was selected as learning task to evaluate the
effectiveness o f telling-and-doing and isolated-elements methods because it involves
specific flying skills that are fundamental and required for almost every learning task in
flight training. The introduction of GCA is provided in Appendix A. GCA requires
student pilots to process several elements simultaneously and is an excellent example of
high interactivity of elements. Because the meteorological (MTO) limits prevent pilots
from benefitting from exterior inputs, pilots conduct this approach by using only interior
inputs, such as cockpit instruments. Thus, the pilot must monitor and interpret at least
four instruments simultaneously and continuously to maneuver aircraft according to
ground controller directions. Any change in those instruments cannot be inferred and the
corrective action cannot be determined without interpreting others. However, it is very
difficult for novice learners to understand the relationships between these performance
and attitude indicators.
For the full GCA task, acquiring the skill requires a long period of training.
However, given the objective of this experiment, the modified version of GCA was used.
That is, the approach started 5,000 feet above ground level and 20 NM away from
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touchdown point and there was no decision responsibility for learners in terms of safety,
aviation rules, or landing other than maneuvering aircraft to track glide-path and course.
The learning task was to descend with fixed rate and speed by maintaining fixed
course and glide-path. It included both cognitive and motor skills. Cognitive skills
included interpreting instruments and determining corrective actions. The motor skills
included applying that corrective action by using throttles and control stick. For example,
the miniature wing in the attitude gyro refers to the aircraft and maintaining it at horizon
means the level flight is established. However, when the speed changes or aircraft rotates,
the point that miniature wing shows on the attitude gyro becomes meaningless and it has
to be readjusted according to current values in indicators so that the altitude could be
maintained. The cognitive skill includes the ability to determine the amount of corrective
action according to the amount of change. The wing does not stay where it is placed and
motor skills are needed to place it and to the correct position at the beginning and to keep
it in position.
Participants received simulator training individually as is done in real pilot
training. The study time was one hour for each participant for both groups. The detail of
time allocation is described in “procedure” section. The flights were done by two
certified flight instructors for each treatment group. Each instructor taught in both
treatment groups in order to prevent any potential bias. Participants were distributed
randomly to one of two instructors within each treatment group. To prevent transferring
learning settings and mixing strategies, from one treatment to other, instructors continued
with one treatment group until completing it, than they switched to the other treatment
group.

There was a print-based instructor guide, prepared by the researcher specifically
for this study and verified by other instructor pilots that are expert in F-5 simulator,
presenting strategies in learning simulated GCA approach for each treatment group.
There were two types of instructor guides according to treatment type. They were only
used by the instructors to ensure standardization of the instruction. Each consisted of two
chapters. The first chapter presented procedural instruction of learning task. That is, by
using the format, the instructor demonstrated the task and described how to do that task
verbally. For instance, for the isolated treatment group, the instructor described the
attitude gyro indicator and then demonstrated how to change the miniature aircraft
position as described in the instructor guide. There were some strategies taught at the
same time, such as the relation between the amount of change in miniature aircraft
position and its effect on vertical speed indicator (VSI). The instructor used strategies
only described in the instructional manual to ensure each participant in each treatment
had the same instruction. The second chapter of the instructional manual included job
aids to be used by instructors to make sure that all participants received same instruction
in the same sequence. For the telling-and-doing treatment group, the first chapter of the
instructor guide included the demonstration of the whole task. The instructors recorded
the demonstration of the task as described in this chapter. The second chapter of the
instructional guide included job aids on sequence of the instruction as detailed in
procedure section. By using instructor guide, each instructor presented the same
strategies for all participants using the same sequence and timing. Flight instructors were
contacted by researcher in advance to discuss study and the instructor guides. The
researcher observed all simulator flights by monitoring flight statistics and by listening to
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internal communications through simulator control desk without making any intervention
to the instruction. By doing so, the intention was to ensure planned learning conditions
are remained. Details of the specific strategies used in each treatment are in the next
section.
Materials
Introductory booklet. Both treatment groups received the same introductory
booklet before simulator training, yet the training that they received in the simulator was
different. The booklet introduced the design of the experiment. Prior to the individual
simulator flying practice, the contents of the booklet were discussed with the participants
in classroom setting. The details of the content of introductory booklet were as follows:
1. The aim of the study and the informed consent document.
2. The introduction of instrument flight indicators in the cockpit. Not all
indicators placed in the cockpit were displayed; rather only instruments that
should be used by the learner in the study were included. These instruments
included the attitude gyro, speed indicator, horizontal situation indicator (HIS),
vertical speed indicator (VSI), and power indicator (RPM). The detailed
explanations of cockpit instruments are presented in Appendix B and the
general view of the front cockpit is presented in Appendix C.
3. The brief description of Ground Controlled Approach (GCA). This content was
a simplified version of the process to provide an appropriate context for this
study. The content included the definition of GCA, why it is conducted, when
it is needed, and the brief introduction of players and their roles in GCA. Next,
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a sample ground track was presented to learners so that the objective of this
learning task was defined.
4. The introduction of simulator and security rules included the procedures of how
to get into the simulator, how to communicate via headphone between front
and rear cockpit, freeze and restart, adjust volume and temperature, and exit the
cockpit.
F-5 training simulator. The F-5 simulator used in the military training squadron
was used in this study. The F-5 is a high performance, multipurpose tactical fighter
aircraft with full air-to-air capabilities and air-to-surface combat capabilities. The
simulator reflects the same cockpit design and includes the same instruments of a real F-5
aircraft has. It is a two-seat simulator in which a student pilot sits in the front cockpit and
the instructor pilot sits in the rear cockpit. It provides options for the instructor to select
environment, meteorological conditions, and adjust the position of aircraft to any desired
point in terms of distance, course, speed, and altitude by the instructor to pre-designed
points or by a simulator controller personnel located next to the simulator. The simulator
controller personnel manages the flight by observing the simulation on computer screens
and can play any role required for student pilots training, such as tower, air traffic
controller, or radar controller. The flight can be monitored as cockpit view or digital data
reflecting cockpit instruments in addition to the ground track through the simulator
controller station. The general view of simulator controller station is presented in
Appendix D.
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There were two screens and the same instruments for each cockpit, thus, the
instructor pilot could see the same view as the learners and could intervene to control of
aircraft any time.
Instruments
There were four experimental instruments to collect data: (a) psychomotor ability
pretest, (b) simulator performance flight test to determine the effectiveness of
instructional method, (c) written achievement test to analyze the achievement of
procedural knowledge, and (d) a cognitive load measurement. The overall interaction
between research variables and instruments is presented in Table 1. All instruments and
instructions were prepared in Turkish.

Table 1
Research Variables and Instruments
Dependent Variables
Psychomotor
ability
pretest

Effectiveness
of
instructional
method

Achievement
of procedural
knowledge

Perceived
cognitive
load

SkyTest:
monitoring
and
instrument
coordination
test

Simulator
flight
performance
test

Recall
questions
about
definitions and
strategies

NASA
Task
Load
Index

Independent Variables
Telling-and-doing
approach
Isolated elements
approach

Psychomotor ability pretest. Participants were tested to identify their motor
ability before assigning them into groups. Taking into account the astronomical cost in

36

pilot training, there has been ongoing research in measuring psychomotor ability for more
than a century (Carretta & Ree, 1997). The research findings supported validity of
psychomotor tests in predicting both job performance and training criteria for
occupations requiring operating skills (Carretta & Ree, 2000; Martinussen, 1996;
Wheeler & Ree, 1997).
One of the tests, monitoring and instrument coordination test, is used to screening
pilot candidates for commercial airlines (“SkyTest® - Preparation Software for DLR
Test” n.d.). It assesses participants’ motor skills by asking them to monitor certain
cockpit instruments and to try to maintain desired values through joystick. There are three
instruments in the test (compass, altimeter, and air speed indicator) and the difficulty of
test can be adjusted by asking learners to monitor some while fixing others. There was no
pre-knowledge or skills required achieving that test as all they needed to do was to keep
pointers in the instruments on the green dots by using their motor skills. The sample
screen of test is presented in Figure 2.

Figure 2. Sample screen from pretest.
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All participants were contacted before their actual flying time to complete the
pretest. The test was administered with a computer using a joystick. The simplest version
of the test was conducted: There were green dots on the compass and altimeter and
participants tried to keep pointers over the green dots by using joystick. Other
instruments were ignored. The participants practiced the test for two minutes to become
familiar with the joystick and test settings. Then, they took the test for two minutes. The
results were retrieved after each test and presented in Table 2. The score was ascertained
from the average deviation between the actual level (pointer) and the target level (green
dot) that was calculated by the test software.

Table 2
Psychomotor Ability Pretest Scores
Participants'
Order

Compass
score

Altimeter
score

Overall
score

Participants'
Order

Compass
score

Altimeter
score

Overall
score

1

100

100

100

20

28

65

47

2

100

100

100

21

62

30

46

3

98

89

94

22

35

55

45

4

90

88

89

23

25

63

44

5

92

84

88

24

37

50

44

6

96

79

88

25

44

40

42

7

98

76

87

26

49

34

41

8

92

80

86

27

78

0

39

9

89

63

76

28

37

40

38

10

63

77

70

29

44

32

38

11

49

89

69

30

39

37

38

12

52

84

68

31

53

22

38

13

86

46

66

32

28

40

34

14

55

70

63

33

33

28

31

15

71

53

62

34

49

11

30

16

61

54

58

35

38

18

28

17

70

42

56

36

32

8

20

18

65

44

55

37

15

21

18

19

16

79

48

38

20

12

16
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Participants were ranked according to their pretest scores, then, were assigned to
treatment groups as illustrated in Table 3. The pretest score means and standard
deviations per instructional methods are shown in Table 4.

Table 3
The distribution o f participants to the treatment groups according to their rank
(score) in psychomotor ability pretest.

Instructor A

Telling-and-doing

Mean
(SD)

Instructor B

Telling-and-doing

1(100)

Isolated
Element
2(100)

3(94)

Isolated
Element
4(89)

8(86)

5(88)

6(88)

7(87)

11(69)

12 (68)

9 (76)

10 (70)

14 (63)

15(62)

16 (58)

13 (66)

17 (56)

18(55)

19 (48)

20 (47)

21 (46)

22 (45)

23 (44)

24 (44)

28 (38)

25(42)

26 (41)

27 (39)

31 (38)

32 (34)

29 (38)

30 (38)

34 (30)

35 (28)

36 (20)

33(31)

37(18)

38(16)

54.35(25.59)

53.75 (26.40)

56.14(24.60)

56.64 (21.92)
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Table 4
Means and Standard Deviations o f Pretest Scores per Instructional Methods
Mean
55.20
55.12
55.16

Instructional Method
Telling-and-doing method
Isolated element method
Total

n
19
19
38

Std. Deviation
24.44
23.76
23.77

Achievement of simulator flight performance test. Each participant in both
groups attempted a simulated approach at the end of the training as a performance test
that was used for further analysis. The sample print out of GCA is presented in Figure 3.
The ground track of the test approach was analyzed. The total distance flown away from
the required track was calculated by using the data. The achievements of simulator flight
performance test scores are presented in Appendix G.
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Achievement of procedural knowledge. Participants completed a written
knowledge exam after the simulator test. This test included recall questions about
definitions of instruments (lOquestions) and application of rules and strategies suggested
during training (10 questions).The maximum score was 20 points as each question was
one point. The questions on the knowledge test and answers are presented in Appendix E
and the scores are presented in Appendix G.
Perceived cognitive load. Paas, Tuovinen, Tabbers, and Van Gerven (2003)
stated that participants are able to reflect their mental effort expended and Gopher and
Braune (1984) noted that people can give numerical data on their perceived mental
burden. By using participants’ assessment on their mental effort, the cognitive loads for
each instructional technique were compared.
The NASA Task Load Index (NASA TLX) developed by Hart and Staveland
(1988) was used in measuring perceived cognitive load. This index included six items
referring magnitude of demands imposed by the learning tasks. Considering the
demanding nature of flying tasks, it was decided that those six items were needed to
assess cognitive load. Participants were asked to fill that index two times: after the
simulator flying session before the simulator performance test and was repeated after the
simulator performance test. The total rating for all items was used in measuring cognitive
load. The detail of NASA TLX index is presented in Appendix F and the participants’
cognitive loads are presented in Appendix H.
Procedure
Given the flight time and simulator availability, the participants received training
individually. They were assigned to one of the two treatments according to pretest scores

so as to have the same average score for each group. They were informed of the training
time at the beginning of the experiment. They were informed that results would be
recorded with random numbers on it without any personally identifying information. In
addition, it was announced that they could quit the experiment at any time and it would
not cause any negative repercussions. An introductory booklet was distributed and
studied on the same day that participant take simulator training. The overall layout of
study is depicted in Figure 4.

Instructor A
Telling -a n d doing m ethod
Instructor B

^ ^m atrn em |
feWclvom oto a l «—*S

Introductory
Briefing
Instructor A
Isolated
elem ents
m ethod
Instructor B

Figure 4. General Layout of research design.

The participants took pretreatment psychomotor ability test in advance. After
creating groups according to pretest scores, they were contacted to set an appointment for
the next step. The introductory briefing was given on the same day before the simulator
training. After completing simulator training, they first filled NASA task load index for
cognitive load measurement. Then, they completed the simulated GCA approach test
(simulator performance test). After simulator performance test, they completed the
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NASA TLX a second time. Finally, they completed the knowledge test to measure recall
of procedural knowledge.
The ability to follow a glide path and course during GCA comprised of
monitoring performance and control indicators. Those indicators were attitude gyro,
horizontal situation indicator (HSI), air speed, vertical speed indicator (VSI), and engine
tachometer (RPM). The details of these instruments are presented in Appendix B. The
complete task required learners to monitor those indicators simultaneously and to create
situational awareness to decide required action.
Isolated-elements treatment instruction. The isolated-elements group started
training by practicing isolated tasks. The one hour training time was broken down into
four parts: The first three 10-minute blocks was used to study task elements in isolation
and the last 30 minutes was allocated for integration of subtasks. The details of time
allocations are described in Table 5.
For the isolated element treatment each 10-minute block was used to study one
pair of the four instruments. First, the attitude gyro and its interaction with the VSI were
studied as speed and heading were kept constant. The instructor adjusted throttles to
make sure that the speed did not change and the participant were not asked to keep
heading. Thus, participants were able to study that interaction in isolation. The learners
were practice holding the miniature aircraft, referring vertical and horizontal position of
aircraft in the attitude indicator, at and parallel to the horizon, descending and climbing
2.5°and 5° nose up and down and small turns to both sides by using 15° and 30° bank.
The VSI was monitored by the student to see the interaction between the attitude gyro
and the VSI. Then, the second pair, the air speed indicator and attitude gyro were
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practiced. During this part, the positions of the miniature aircraft in the attitude gyro were
practiced for different airspeeds to observe the effect of change in airspeed on placement
of miniature aircraft on horizon line. Last, the attitude gyro and HSI were studied. In this
phase, the learner practiced changing course heading in varying degrees by using 15° and
30° bank. The altitude, thus VSI, was ignored during this practice in order for isolation.
The isolated elements group practiced simulated GCA in the second part of the
instruction. The simulated approach started 20 NM from touchdown and 5,000 feet above
ground level. During initial approaches, the learner tried to keep 1000 feet per minute
(1FPM), 010° heading, and 180 knot air speed. In a real approach, if a student makes a
mistake and misses the correct glide path and course, the student has to make a correction
to enter correct track as soon as possible. For instance, if a student increases VSI to 1.5
FPM mistakenly, where 1 FPM is supposed to be maintained, coming back to 1 FPM will
not solve the problem. According to the amount of deflection from correct glide path, the
indicator in VSI should show less than 1 FPM for certain time until correct path
established. The ground controller sets the VSI that must be held by monitoring the
aircraft’s track on the radar scope. However, to lower intrinsic cognitive load during the
initial practice, the learner only tried to keep the parameters constant by returning to the
prescribed parameters if over or under react.
Telling-and-doing treatment instruction. The telling-and-doing group’s training
was comprised of four stages: the first three stages took 10 minutes and the last stage
took 30 minutes. The details are presented in Table 5. The instruction was presented
according to the instructor guide as in the first group.

Stage 2. Instructor tells-instructor does, that is, the instructor demonstrated and
described all the steps in simulated landing. The demonstration was recorded and played
back at the beginning of the instruction in order to provide the same instruction for each
participant. The capability of the simulator allowed the learner to see the whole simulated
approach from his cockpit as if the instructor was flying at that moment. That is, because
the instructor and the learner sat in tandem cockpits, there was no difference that could be
felt by the learner as instruments’ pointers and control stick were moving during the play
back of recorded demonstration including the instructor’s speech. In the demonstration,
the simulated approach starting from 5,000 feet AGL and 20 NM away from runway was
executed by the instructor. The instructor explained each action and its logic during that
demonstration. In doing so, the required values in those cockpit instruments were
presented to follow glide-path and course in addition to their interaction. For example,
the instructor set the vertical speed to 1 FPM and showed the wing’s position in attitude
gyro. Then, the wing was replaced to decrease 1 FPM to 0.5 FPM in the VSI to show
amount of change in wing’s position and air speed.
Stage 2. Student tells-instructor does. At this stage, the participant told the actions
required to follow glide-path and course and instructor conducted simulated approach
according to participant’s directives as supporting participants by correcting their
decisions if required.
Stage 3.Instructor tells-student does. Participants practiced simulated approach on
their own and the instructor continued verbal or physical support if necessary. The
supported and feedback was limited to the sentences provided to instructors via job aids.
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Stage

Student does-instructor supports. During last 30 minutes participants

continued practicing simulated approach with fading instructor critique.

Table 5
The overall time allocations fo r both treatments.

Timeline

0-10 minutes

10-20 minutes

Isolated element
treatment

First pair:
Attitude gyro
and VSI

Second pair:
Attitude gyro
and Speed
indicator

Telling-anddoing treatment

Stage 1:
Instructor
tells-instructor
does all steps

Stage 2:
Student tellsinstructor
does all steps

20-30
minutes
Third pair:
Attitude gyro
and heading

30-60
minutes
Practicing
Simulated
approach

Stage 3:
Instructor
tells-student
does
all steps

Stage 4:
Practicing
simulated
approach

Data Analysis
The independent variables were the instructional methods: isolated-elements and
telling-and-doing methods. The dependent variables were the pretest scores, achievement
of simulator flight performance test, achievement of procedural knowledge, and
perceived cognitive load. Table 6 shows the hypothesis, research questions, and the
corresponding analysis methods that were used to evaluate each. SPSS statistical software
was used to analyze the data.
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Table 6
Hypotheses and Research Question Data and Analysis Methods
Hypotheses

Data

Analysis

During the initial stage of learning
for novice learners in the tellingand-doing treatment will report a
lower intrinsic cognitive load than
the isolated elements group.

Cognitive load
(First measurement before
simulator test)

One way
ANOVA

During the simulator performance
test, the learners in the telling-anddoing treatment will report a lower
intrinsic cognitive load.

Cognitive Load
(Immediately after simulator
test)

One way
ANOVA

Research Questions

Data

Analysis

Can flying tasks be taught by
separating cognitive tasks from
physical tasks?

Achievement of simulator
flight performance test

One way
ANOVA

Achievement of procedural
knowledge (written
achievement test)

Which of the instructional
methods, telling-and-doing or
isolated elements, is more coherent
in learning complex flying tasks
when controlling for student
ability?

Achievement of simulator
flight performance test
Achievement of procedural
knowledge (written
achievement test)

ANCOVA
(Covariate: pre
test scores
Dependent:
Effectiveness of
instructional
methods
Achievement of
procedural
knowledge)

CHAPTER III
RESULTS
This chapter presents the results of the statistical analyses conducted to
investigate the effect of decreasing intrinsic cognitive load for the complex task of flight
training that involves both cognitive and psychomotor tasks. Results are presented
according to each of the two hypotheses and the two research questions.
Hypothesis One
Cognitive load during instruction. The first hypothesis predicted that during the
initial stage of learning for novice learners in the telling-and-doing treatment would
report a lower intrinsic cognitive load than the isolated elements group.
The cognitive load for each instructional method was measured by employing the
NASA TLX (Hart & Staveland, 1988). The index was completed by participants two
different times (a) immediately after the instruction and (b) immediately after the
simulator performance flight test.
The internal consistency of the cognitive load scale was determined by Cronbach's
alpha and was .67 for instruction and .67 for simulator performance flight test. Devellis
(2003) and Kline (2005) recommended 0.7 or higher value as good level of internal
consistency. Within this measurement, Pearson correlation value for the sixth question
yielded the lowest values, .14 for cognitive load during instruction and .09 for cognitive
load during simulator test item. Therefore, considering the relatively low contribution of
item number six on the scale in measuring cognitive load, it was decided to remove it
from the analysis. The internal consistency of the cognitive load index was recalculated.
Removing question number six from the scale resulted in an increase in Cronbach's alpha
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to .69 from .67 for the instruction and to .71 from .67 for the simulator flight test item.
A one-way analysis of variance was conducted to evaluate the relationship
between the instructional method employed and the reported cognitive load during the
instruction. The independent variable, the instructional method, included two levels:
telling-and-doing technique and isolated element approach. The dependent variable was
the reported cognitive load. Participants were classified into two groups: telling-anddoing (n = 19) and isolated element approach (n = 19). There were no outliers, as
assessed by boxplot. Data were normally distributed for each group as depicted in Figure
5, as assessed by Shapiro-Wilk test (p > .05); and there was homogeneity of variances as
assessed by Levene’s test of homogeneity of variances (p = .844). The cognitive load was
higher for the telling-and-doing group (M= 12.62, SD - 2.24) compared to the isolated
element group (M= 11.30, SD = 2.16), but the difference was not statistically significant,
F(l,36) = 3.081, p = .073. The strength of relationship between instructional method and
the perceived cognitive load was moderate as assessed by r\2 accounting for 8% of the
variance of dependent variable. The means and standard deviations for cognitive load
measurements reported during instruction are presented in Table 7.
Table 7
The Means and Standard Deviations fo r Cognitive Load Measurement during
Instruction

Telling-and-doing
Method

n
Cognitive Load During
__________________________________Instruction________
19
12.62
(2.24)

Instructional Elements
19
11.30
Methods__________________________________________________ (2.16)__________
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Figure 5. Perceived cognitive loads during instructions.

Previous studies used screening test to categorize (Mane, Adams, & Donchin,
1989) or eliminate (Fabiani et al., 1989) participants according to their ability level. In
this study, there were eight participants who scored in the lower 20% of ranking
according to the psychomotor ability pretest scores and were observed having difficulty
understanding the cockpit instruments. Furthermore, it was noted that they did not
understand or develop any flying strategies. For example, one of the participants asked
whether he needed to push the stick to descend and another one asked to what the blue
part in attitude gyro was referring at the end of the instruction. A decision was made to
remove those participants with the lowest pretest (lowest 20%) scores (n = 8). Additional
analyses were run using remaining participants’ scores (n = 30).

By excluding low pretest performers, another one-way analysis of variance was
conducted to evaluate the relationship between instructional method employed and the
reported cognitive load during that instruction. The independent variable, the
instructional method, included two levels: telling-and-doing (n= 15) and isolated element
(n=T5). The dependent variable was the reported cognitive load. There were no outliers,
as assessed by boxplot; data were normally distributed for each group as assessed by
Shapiro-Wilk test (p > .05), and there was homogeneity of variances as assessed by
Levene's test of homogeneity of variances (p = .804). The ANOVA was significant,
F(l,28) = 6.554,/? < .05. The cognitive load was higher for the telling-and-doing group
(M= 13.04, SD = 2.32) compared to isolated element group { M - 10.92, SD = 2.21). This
finding did not support hypothesis one. The strength of relationship between instructional
method and the perceived cognitive load was strong as assessed by r\2 accounting for
19% of the variance of dependent variable. The differences between means and standard
deviations of high ability performers’ assessments only and of all assessments are
presented in Table 8.
Table 8
The differences between means and standard deviations o f high ability
performers ’ assessments only and all assessments.
Cognitive Load During Instruction
With all performers
Without low ability
performers
n
T elling-and-doing
Method

19

Instructional
Elements Methods

19

Means
(SD)
12.62
(2.24)
11.30
(2.16)

n
15
15

Means
(SD)
13.04
(2.32)
10.92
(2.21)
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Hypothesis Two
Cognitive load during simulator performance flight test. The second
hypothesis predicted that during the simulator performance test, the learners in the
telling-and-doing treatment would report a lower intrinsic cognitive load. As described in
the analysis section of hypothesis one, the internal consistency (Cronbach’s alpha) of
cognitive load assessments during simulator performance test was .71. The means and
standard deviations for cognitive load measurements reported during simulator
performance test are presented in Table 9.
Table 9
The Means and Standard Deviations fo r Cognitive Load Measurement during
Simulator Performance Test flight
n

Cognitive load during
simulator performance
_________________________________ flight test________
Telling-and-doing
19
12.56
Method
(2.13)
Instructional Elements
19
11.65
Methods__________________________________________________ (1.87)_________

A one-way analysis of variance was conducted to evaluate the relationship
between instructional method and the reported cognitive load resulted during simulator
performance test flight. The independent variable, the instructional method, included two
levels: telling-and-doing technique and isolated element approach. The dependent
variable was the reported cognitive load. There were no outliers, as assessed by boxplot
(Figure 6); data were normally distributed for each group as assessed by Shapiro-Wilk
test (p > .05), and there was homogeneity of variances as assessed by Levene's test of
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homogeneity of variances (p = .496). The cognitive load was higher for the telling-anddoing group (M= 12.56, SD = 2.13) compared to the isolated element group (M= 11.65,
SD = 1.87) but the differences between these instructional methods were not statistically
significant, F(l,36) = 1.939, p = .172. The strength of relationship between instructional
method and the perceived cognitive load was weak as assessed by r\ accounting for 5%
of the variance of dependent variable.

*i 1 6 .0 0

I
0 .1 2 .0 0

®

8.00

te llin g -a n d d o in g

is o la te d e le m e n t m e th o d

Instructional method

Figure 6. Perceived cognitive loads during simulator performance flight test.

As it was done in first hypothesis, the participants with the lowest pretest scores
(20% of the participants) were excluded for in a second analysis. A one-way analysis of
variance was repeated. There were no outliers, as assessed by boxplot; data were
normally distributed for each group as assessed by Shapiro-Wilk test (p > .05), and there
was homogeneity of variances as assessed by Levene's test of homogeneity of variances
(p = .689). The cognitive load was higher for the telling-and-doing group (M = 12.92, SD

= 2.12) compared to the isolated element group (M = 11.39, SD = 1.95). The ANOVA
was significant, F(l,28) = 4.264,p < .05. These findings did not support hypothesis two.
The strength of relationship between instructional method and the perceived cognitive
load was strong as assessed by r\2 accounting for 13% of the variance of dependent
variable. The overall differences between means and standard deviations of all performers
and without low ability performers are presented in Table 10.
Table 10
The overall differences between means and standard deviations o f all performers
and without low ability performers.

n

Telling-anddoing
Method
Isolated
Elements
Methods

19

Cognitive Load During
Instruction
With all
Without
low pretest
participants
participant
s
13.04
12.62
(2.24)
(2.32)

19

P

11.30
(2.16)

10.92
(2.21)

.073

.016

Cognitive Load During
Simulator Performance Test
Without
With all
n
participants
low pretest
participants

15

15

12.56
(2.13)

12.92
(2.12)

11.65
(1.87)

11.39
(1.95)

.172

.048

Research Question One
Achievement of Simulator Performance Flight Test. A one-way analysis of
variance was conducted to evaluate the relationship between instructional method
employed in teaching simulated GCA approach and achievement in doing simulator
flight performance test approach. The independent variable, the instructional method,
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included two levels—telling-and-doing technique and isolated element approach. The
dependent variable was the effectiveness in performing simulated GCA approach.
Participants were classified into two groups: telling-and-doing (n =? 19) and isolated
element approach (n = 19).
Achievement of simulator performance test scores were normally distributed for
telling-and-doing group with a skewness of -0.015 (SE = 0.524) and kurtosis o f -1.333
(SE =1.014) and for isolated element group with a skewness of -0.168 (SE = 0.524) and
kurtosis o f -0.873 (SE = 1.014). Shapiro-Wilk test (p > .05) consolidated the normal
distribution of scores. There were no outliers, as assessed by boxplot (Figure 7); and there
was homogeneity of variances as assessed by Levene's test of homogeneity of variances
(p = .506). The simulator flight performance scores were lower for the isolated element
strategy (M = 54.58, SD = 17.08) compared to telling-and-doing method (M= 57.42, SD
= 18.59), but the differences between instructional methods were not statistically
significant, F(l,36) = 0.241,/? = .627.

6 0 .0 0 -

I
£
to
telling-and-doing m ethod

isolating elem ent a p p ro a c h

In stru ctional m ethod

Figure 7. Simulator flight performance test achievement scores distribution.

Considering that no significant difference was found in the overall analysis, the
ANOVA was repeated by excluding low pretest performers according to their pretest
scores (n = 30). The simulator performance test scores were normally distributed, as
assessed by Shapiro-Wilk test (p > .05). There were no outliers as assessed by boxplot;
and there was homogeneity of variances as assessed by Levene's test of homogeneity of
variances (p = .833). The simulator flight performance scores were lower for the isolated
element strategy (M= 58.40, SD - 17.16) compared to telling-and-doing method ( M 62.47, SD = 17.03), but the differences between these instructional methods were not
statistically significant, F(l,28) = 0.424,/? = .520.
Achievement of Procedural Knowledge Test. An additional one-way analysis of
variance was conducted to evaluate the relationship between instructional method and
achievement of procedural knowledge measured by a written achievement test. The
independent variable, the instructional method, included two levels—telling-and-doing
technique and isolated element approach. The dependent variable was the written
achievement test score. Participants were classified according to the treatment, tellingand-doing (n = 19) and isolated element approach (n = 19).
Achievement of simulator performance test scores were normally distributed for
telling-and-doing group with a skewness o f -0.149 (SE = 0.580) and kurtosis o f -1.869
(SE =1.121) and for isolated element group with a skewness of -0.114 (SE = 0.524) and
kurtosis of -0.497 (SE = 1.014). Shapiro-Wilk test (p > .05) consolidated the normal
distribution of scores. In order to determine whether there are any outliers in any of
groups, a boxplot was generated. As presented in Figure 8, the achievement of procedural
knowledge score for the fourth participant was assessed as an outlier. That score was

replaced with the second largest value and a one-way ANOVA was repeated. The
analysis with an outlier and with the replaced value resulted almost identical outputs, the
replaced value was used for further analysis. The data were normally distributed for each
group as assessed by Shapiro-Wilk test (p > .05), and there was homogeneity of variances
as assessed by Levene's test of homogeneity of variances (p = .101). The performance
scores increased from isolated element strategy ( M - 16.47, SD = 1.58) to telling-anddoing method (M= 17.47, SD - 2.07), but the differences between these instructional
methods was not statistically significant, F(l,36) = 2.815,/? = .102. The strength of
relationship between instructional method and the achievement on the procedural
knowledge test as assessed by r|2 was moderate, with the instructional method factor
accounting for 8% of the variance of dependent variable. The overall mean and standard
deviations for all instructional methods are presented in Table 11.

20-

16-

0> 14-

telling-and-doing m ethod

isolating elem ent a p p ro a c h

In stru ctional m ethod

Figure 8. Achievement of procedural knowledge test score distribution before
replacing outlier.
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The relationship between instructional method and achievement of procedural
knowledge was reevaluated by excluding low pretest performers. To do so, another one
way analysis of variance was conducted. The independent variable, the instructional
method, included two levels: telling-and-doing technique and isolated element approach.
The dependent variable was written achievement test score. Participants were classified
into two groups: telling-and-doing (n = 15) and isolated element approach (n = 15). The
data were normally distributed for each group as assessed by Shapiro-Wilk test (p > .05),
and there was homogeneity of variances, as assessed by Levene's test of homogeneity of
variances ip = .384). The procedural knowledge scores were higher for the telling-anddoing method (M = 18, SD = 1.77) than the isolated element strategy (M= 16.40, SD =
1.64). The ANOVA was significant, F(l,28) = 6.588,/? < .05. The strength of
relationship between instructional method and the achievement of procedural knowledge
was strong as assessed by p 2 with the instructional method factor accounting for 19% of
the variance of dependent variable. The overall mean and standard deviations are
presented in Table 11.
Table 11
The Means and Standard Deviations fo r Achievement o f Simulator Performance
Test Flight and Achievement o f Procedural Knowledge Test

n
Telling-anddoing Method
Isolated
Elements
Methods

P

Achievem ent o f Simulator
Performance Test Flight
With all
Without low
participants
pretest
participants

n

Achievem ent o f Procedural
K nowledge Test
With all
Without low
participants
pretest
participants

19

57.42
(18.59)

62.47
(17.03)

15

17.47
(2.07)

18
(1.77)

19

54.58
(17.08)

58.40
(17.16)

15

16.47
(1.58)

16.40
(1.64)

.627

.102

.520

.016
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Research Question Two
Achievement of Simulator Performance Flight Test. A one-way analysis of
covariance (ANCOVA) was conducted to determine the effect of two different
instructional methods on achievement of simulator performance flight test score after
controlling for pretest ability score. There was a linear relationship between pretest
ability scores and simulator performance flight test scores for each intervention type, as
assessed by visual inspection of a scatterplot. A preliminary analysis evaluating the
homogeneity-of-slopes assumption indicated that the relationship between the covariate
and the dependent variable did not differ significantly as a function of independent
variable. There was homogeneity of regression slopes as the interaction term was not
statistically significant, F(l,34) = 0.016,/? = .901, partial rj2 = .000. Standardized
residuals for the instructional methods and for the overall model were normally
distributed, as assessed by Shapiro-Wilk's test (p > .05). There was homoscedasticity and
homogeneity of variances as assessed by visual inspection of a scatterplot and Levene's
test of homogeneity of variance (p = .167), respectively. There were no outliers in the
data as assessed by no cases with standardized residuals greater than ±3 standard
deviations. The ANCOVA was not significant, F(l,35) = 0.713,/? > .05, partial r)2 = .020.
The strength of relationship between instructional method and achievement of simulator
flight test score was weak while controlling for pretest ability scores as assessed by
partial r|2 with the instructional method accounting for 2% of achievement of simulator
performance test score. However, the relationship between pretest ability score and
achievement of simulator flight test score was significant, F(l,35) = 75.150,/? < .05, as
assessed very strong by partial r|2 with the pretest score accounting for 68% of
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Figure 9. The relationship between pretest score and achievement of simulator
performance flight test for each instructional treatment.

An additional one way analysis of covariance (ANCOVA) after removing
participants («=8) with the lowest pretest scores was conducted to determine the effect of
two different instructional methods on achievement of simulator performance flight test
score after controlling for pretest ability score. There was a linear relationship between
pretest ability scores and simulator performance flight test scores for each intervention
type, as assessed by visual inspection of a scatterplot. A preliminary analysis evaluating
the homogeneity-of-slopes assumption indicated that the relationship between the
covariate and the dependent variable did not differ significantly as a function of
independent variable. There was homogeneity of regression slopes as the interaction term
was not statistically significant, F(l,26) = .468,/? = .500, partial r\ = .018. Standardized
residuals for the instructional methods and for the overall model were normally

distributed, as assessed by Shapiro-Wilk's test (p > .05). There was homoscedasticity and
homogeneity of variances as assessed by visual inspection of a scatterplot and Levene's
test of homogeneity of variance (p = .309), respectively. There were no outliers in the
data as assessed by no cases with standardized residuals greater than ±3 standard
deviations. The ANCOVA was not significant, F( 1,27) = .907, p > .05, partial p2 = .032.
The strength of relationship between instructional method and achievement of simulator
'y'

flight test score was weak as assessed by partial p with the instructional method
accounting for 3% of achievement of simulator performance test score. However, the
relationship between pretest ability score and achievement of simulator flight test score
was significant, F(l,27) = 38.660,p < .01, as assessed very strong by partial r| with the
pretest ability score accounting for 59% of achievement of simulator flight test.
Achievement of Procedural Knowledge Test. Another one way analysis of
covariance (ANCOVA) was conducted to determine the effect of two different
instructional methods on achievement of procedural knowledge after controlling for the
pretest score. There was a linear relationship between pretest scores and simulator
performance flight test scores for each intervention type, as assessed by visual inspection
of a scatterplot (see Figure 10). A preliminary analysis evaluating the homogeneity-ofslopes assumption indicated that the relationship between the covariate and the dependent
variable did not differ significantly as a function of independent variable. There was
homogeneity of regression slopes as the interaction term was not statistically significant,
F(l,34) = .182,p = .672, partial p2 = .005. Standardized residuals for the instructional
methods and for the overall model were normally distributed as assessed by ShapiroWilk's test (p > .05). There was homoscedasticity and homogeneity of variances as

assessed by visual inspection of a scatterplot and Levene’s test of homogeneity of
variance (p = .097). There were no outliers in the data as assessed by no cases with
standardized residuals greater than ±3 standard deviations. The ANCOVA was
significant, F(l,35) = 4.482,/? < .05, partial rj2 = .114. The strength of relationship
between instructional method and achievement of procedural knowledge was moderate
while controlling pretest scores as assessed by partial r|2 with the instructional method
accounting for 11% of achievement of simulator performance test score. However, the
relationship between pretest score and achievement of procedural knowledge score was
strong as assessed by partial r| with the pretest score accounting for 39% of achievement
of simulator flight test.
The same test was repeated (n = 30) by excluding low ability performers (n =8) to
determine the effect of two different instructional methods on achievement of procedural
knowledge after controlling for the pretest score. There was a linear relationship between
pretest scores and simulator performance flight test scores for each intervention type, as
assessed by visual inspection of a scatterplot. A preliminary analysis evaluating the
homogeneity-of-slopes assumption indicated that the relationship between the covariate
and the dependent variable did not differ significantly as a function of independent
variable. There was homogeneity of regression slopes as the interaction term was not
statistically significant, F(l,26) = 1.730,/? = .200. Standardized residuals for the
instructional methods and for the overall model were normally distributed as assessed by
Shapiro-Wilk's test (p > .05). There was homoscedasticity and homogeneity of variances
as assessed by visual inspection of a scatterplot. There were no outliers in the data, as
assessed by no cases with standardized residuals greater than ±3 standard deviations. The
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ANCOVA was significant, F(l,27) = 10.608,/? = .003, partial r|2 = .282. The strength of
relationship between instructional method and achievement of procedural knowledge was
strong, as assessed by partial r\ , with the instructional method accounting for 28% of
achievement of procedural knowledge.
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Figure 10. The relationship between pretest score and achievement of procedural
knowledge for each instructional treatment.

Summary
This study sought to reduce intrinsic cognitive load in flight training to improve
cognitive and psychomotor skills. To examine the effects of instructional techniques that
reduce intrinsic cognitive loads, participants were tested on their simulator performance
flight and procedural knowledge in addition to cognitive load reported during instruction
and flight test. Using pretest scores as covariates, participants were then evaluated for
each of the dependent variables. The overall tests were not statistically significant when

all participants’ scores were considered. The screening test conducted at the beginning of
the experiment was used to categorize participants rather than eliminating potential
participants. Thus, given the non-significant results when all participants’ scores
employed, the low pretest performers were excluded from calculations (Fabiani et al.,
1989; Mane et al., 1989) as anecdotal evidence suggests they failed to develop a most
basic understanding of the task. The results from the analyses, when low ability
performers’ scores were excluded, were statistically significant.
The cognitive load during both instruction and during simulator flight test were
reported higher in telling-and-doing groups ( M - 13.04 and M = 12.92) than in the
isolated elements groups (M = 10.92 and M - 11.39). The cognitive load was reported
lower during simulator flight test than during instruction in telling-and-doing group while
it was reported higher for the test than during the instruction for the isolating elements
group.
The scores on the simulator flight performance and procedural knowledge test
were higher in telling-and-doing group (M = 62.47 and M = 18) than isolated elements
group (M = 58.40 and M =16.40). The relationship between instructional method and
simulator performance test flight was not significant. The simulator performance scores
were accounted for 59% by pretest scores. However, there was a statistically significant
relation between instructional methods and achievement of procedural knowledge test
scores. Instructional methods accounted for 28% of achievement of procedural
knowledge.

CHAPTER IV
DISCUSSION AND CONCLUSIONS
The focus of this research was to investigate the effect of decreasing intrinsic
cognitive load for complex tasks such as flight training that involves both cognitive and
psychomotor tasks. Specifically, the purpose of this study was to determine whether
employing telling-and-doing instructional technique in flight training would be a better
option in reducing cognitive load than the traditional part-task training approach or
isolated element strategy. This chapter interprets the results in light of the research
literature.
Hypothesis 1: During the initial stage of learning for novice learners in the tellingand-doing treatment will report a lower intrinsic cognitive load than the isolated
elements group.
This hypothesis was not supported since telling-and-doing group reported a higher
cognitive load than isolated elements group. Although, no statistical significance was
detected given all cognitive load assessments, there was a statistical significant
relationship between perceived cognitive load and instructional methods when low
pretest performers’ data were excluded. The results were very close in both cases, telling
and doing and isolated elements treatments respectively, with all performers (n = 38, M —
12.62 and M - 11.30) and without low pretest performers (n = 30, M = 13.04 and M =
10.92), as cognitive load was reported higher when the instruction was given according to
telling-and-doing method. The difference between perceived cognitive loads in tellingand-doing group and isolated elements group increased when the low pretest performers

were not considered. The cognitive load was accounted for instructional treatment by 8%
for overall and 19% for a situation when low pretest performers were excluded.
One plausible explanation of the results is that isolating task elements and
reducing their interactions caused lower cognitive load than separating cognitive aspects
from psychomotor aspects when excluding low-pretest performers. The degree of
intrinsic cognitive load was defined as the number of interacting elements in the material
(Brunken et al., 2003; Sweller et al., 2011) or the amount of informational units that a
learner needs to hold in working memory to comprehend the information (Pollock et al.,
2002). In this sense, eliminating interactions might have caused a decreased number of
informational units for learner to process simultaneously; thus, lowering cognitive load.
The low pretest performers might have had difficulty with the duration and nature of the
instruction. The common observation from the instructors regarding low-pretest
performers was receiving too many questions at the beginning of the instruction from
them. That is, the instructors noted that because of the number of questions they were
challenged in allocating time as planned according to experiment design. If the
instruction had been repeated or had been longer, then the scores of low-pretest
performers might have been different. It might be the case for high-pretest performers as
well; however, the difference for low-pretest performers was that they appeared unable to
follow instructions because they were overwhelmed possibly by the pacing that required
assimilation of new ideas at a fast pace.
Despite the lower cognitive load reported in isolated element group, telling-anddoing group outperformed isolated elements group given scores on both the simulator
performance flight and procedural knowledge test. Thus, it appears the limits of the

learners’ working memory load were not exceeded during instruction in telling-and-doing
group in spite of the higher cognitive load (Kirschner, 2002). This finding is important in
terms of decomposing learning task into appropriate stages. Newell et al. (1989) argued
that subtasks should reflect the natural unit of coordinated activity to facilitate skill
acquisition, that is, they should reflect “small wholes” rather than isolated parts. This
finding suggests that setting cognitive load at a lower level that allows us to keep task as
close as to whole task without exceeding learner’s working memory capacity is a better
solution in optimizing cognitive load in complex learning such as flight training. This
result supports the assumptions made earlier that lowered difficulty rather than isolated
elements would be more beneficial with regard to more complex material (Gopher et al.,
1989; Wightman & Lintem, 1985).
Hypothesis 2: During the simulator performance test, the learners in the telling-anddoing treatment will report a lower intrinsic cognitive load.
The cognitive load assessments during simulator performance flight test were
similar to the assessments reported during instructions. The relationship between
instructional method and cognitive load assessment was not statistically significant when
including all participants. If the lowest pretest performers were excluded from the
analysis, the difference between treatments was statistically significant showing less
cognitive load for the isolated elements strategy. The relationship between instructional
strategy and perceived cognitive load increased from 5% to 13% when the low ability
performers were excluded.
The cognitive load was reported lower during simulator flight test (M - 12.92)
than it was reported during instruction (M = 13.04) in telling-and-doing group while it

was reported higher by the isolating elements group for the simulator flight test ( M~
11.39) than instruction (M = 10.92). One plausible explanation was the challenge in
integrating of task elements as they were removed from their original context (Lim et al.,
2009) in the isolated elements group. Even though, the cognitive load was reported lower
during instruction in isolated elements treatment, as the tasks elements were taught as
isolated tasks, there was an additional burden in integrating them during simulator
performance flight test. This finding is in line with the other studies that suggested that
the learning achieved in isolation did not support learners to develop strategies
considering whole task (Fabiani et al., 1989; Gerjets et al., 2004; Gopher et al., 1989;
Lim et al., 2009). That is, learners in the isolated elements treatment were better in
maintaining aircraft position at the beginning of instruction when they were responsible
only for monitoring the attitude gyro and VSI. However, when they had to control the air
speed in addition to the attitude gyro and VSI the acquired learning for the gyro and VSI
control were degraded, as the learners had to readjust acquired learning into the new
situation which posed additional cognitive load. Despite the increment in cognitive load
reported during the performance test in isolated element treatment group, the amount of
cognitive load was still lower than telling-and-doing group. This finding suggests that
keeping learning tasks close to whole and only separating cognitive and psychomotor
aspect might have been more useful in developing strategies to create schema in order to
optimize cognitive load in performing tasks in flight training.
Research Question One: Can flying tasks be taught by separating cognitive tasks
from physical tasks?
There were two instruments employed in assessing effectiveness of instructional
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methods: achievement of simulator performance flight test and achievement of
procedural knowledge test. The relationship between achievement of simulator
performance flight test and instructional methods was not significant when considering
all participants and when removing those with the lowest pretest scores from the analysis.
The effect of instructional methods on achievement of simulator performance
flight test was limited. However, the relationship between achievement of simulator
performance flight test scores and pretest scores was significant and strong (r|2 = .68 for
all participants and r|2= .59 without lowest pretest performers). The telling-and-doing
group had higher scores for achievement of simulator performance test (M = 62.47) than
isolated elements group (M = 58.40).
The simulator flight performance scores were predictive of the psychomotor
ability pretest scores. One possible reason was that the one-hour training time was not
enough time for participants to improve psychomotor skills as it did not ensure adequate
time to practice psychomotor tasks. That is, they studied what to watch, when to watch,
and how to interpret data to conduct simulated approach. This content was simplified
considering the ability level of participants as they had no flying experience. For
example, the participants received instruction on how to correct decent rate (FPM) as one
size of circle on the miniature aircraft in attitude gyro is equal to 1 FPM. That is, if 1
FPM is needed and the current FPM is .5, they have to move miniature aircraft down a
half-circle size. However, the accuracy of placing miniature aircraft or the time in
completing that movement requires practice. It appears that the one-hour instruction
might not have provided sufficient timing for participants to improve psychomotor skills
beyond their pretreatment psychomotor ability level.
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For the test scores on the procedural knowledge test, there was a statistically
significant relationship between instructional method and participants’ scores when low
ability performers were excluded. The telling-and-doing group had higher scores on the
procedural knowledge tests (M= 18) than isolated elements group (M= 16.40). The
results have showed that participants in telling-and-doing group outperformed to
participants in isolated elements group on achievement of procedural knowledge scores.
Considering the overall results, it might be concluded that complex flying tasks
can be taught by separating cognitive aspects from psychomotor tasks. Even though,
telling-and-doing method was not as successful in reducing intrinsic cognitive load as
isolated elements method did, given the performance scores, it could be suggested as a
more effective instructional method than isolated elements method in transferring
instructional content.
This finding is in line with the other studies that suggested that a whole-task
instructional approach is more effective in acquisition and transfer of complex skills
(Goettl & Shute, 1996; Lim et al., 2009; Peck & Detweiler, 2000). The learning achieved
in isolation in isolated elements treatment might not have been transferred to the
simulator performance flight test (whole task) as the connections were not studied
(Gopher et al., 1989) as much it was done as in telling-and-doing treatment. Similar
findings have been reported by Fabiani et al. (1989) and Newell et al. (1989) as part-task
methods were better in performing some of the isolated task elements; however,
hierarchal approaches were found more useful when the whole task or criterion task was
performed. This finding suggests that, telling-and-doing method was successful in
teaching complex flying skills as reflected in the higher achievements test scores than
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isolated element treatment group.
Research Question Two: Which of the instructional methods, telling-and-doing or
isolated elements, is more coherent in learning complex flying tasks when
controlling for student ability?
The effect of two different instructional methods on achievement of simulator
performance and achievement of procedural knowledge after controlling for pretest score
was not statistically significant. However, the effect of instructional methods on
achievement of procedural knowledge was significant when low pretest performers were
excluded. The instructional methods accounted for 3% of simulator performance fight
test scores and 28% of achievement of procedural knowledge scores when low ability
performers were excluded and pretest scores were controlled. The pretest score accounted
for 68% of achievement of simulator flight test. Interestingly, this number was the same
as Ree and Carretta (1994) found after investigating the relative contribution of the
general psychomotor factor to performance in psychomotor tracking tests and reported
that 68% of the variance can be ascribed to the general psychomotor factor.
Based on these findings and given the higher scores of telling-and-doing group in
achievement of simulator performance flight test and achievement of procedural
knowledge, the findings suggest that telling-and-doing method was more effective than
isolated elements method in flight training. During the instructional treatment, instructors
noted that they received more questions from isolated elements group than telling-anddoing group. Instructors stated that whenever they presented a new element to the
instruction, they had to repeat strategies for the previous element(s) as participants .in
isolated elements group kept asking same questions each time. For example, after

studying how to turn by controlling the attitude gyro in isolating elements treatment, then
participants were taught VSI and asked to monitor it at the same time. Participants in the
isolated elements group started mixing left and right and became undecided as to which
way to push the stick. On the other hand, instructors noted that for similar situation in the
telling-and-doing treatment, participants often developed strategies on their own by
saying that “I just realized the same thing” when they were taught new strategies. In
addition, in isolated elements treatment participants studied the simpler version of
approach at the beginning of the integrating phase of task elements. That is, specific
values on cockpit instruments were required to be kept constant rather than changing
them to the new values as approach continued. It was observed that the isolated element
group was better in keeping values constant than telling-and-doing. However, as they
started to conduct simulated GCA in which they were required to change values to track
the required glide path, isolated elements group often lost their situational awareness and
were not able to transfer what they had learned to the new situation. This finding is in line
with previous research as it was stated that even though part-task methods were better for
individual task performance, they were not better in supporting learners to develop
optimal flying strategies (Fabiani et al., 1989; Newell et al., 1989).
Conclusions
Intrinsic cognitive load is affected by the structure and complexity of the content
(Chandler & Sweller, 1991); that is, the element interactivity of material (Brunken et al.,
2003; Sweller et a l, 2011). Flying an aircraft requires processing or considering a great
number of inputs (e.g. altitude, speed, and caution panel or engine instruments) and an
ability to link these data to a massive amount of information in order to interpret them.

As a result, flight training imposes a high intrinsic cognitive load. This study sought to
reduce that intrinsic cognitive load. The findings of this study demonstrated that
separating cognitive task elements from psychomotor task elements did not yield lower
cognitive load than learning task elements in isolation, but more important, the separation
of cognitive and psychomotor task elements did not overwhelm the learners’ working
memory. The isolated elements strategy, as one of the most common part-task training
approach (Gopher et al., 1989), was found better in reducing intrinsic cognitive load than
the telling-and-doing method.
The cognitive load was reported higher during simulator flight test than it was
reported during instruction in isolated elements group while it was the contrary in tellingand-doing group. This finding supports the previous research stating that there was a
challenge in integrating of task elements as they studied far from their original context
(Lim et al., 2009) in the isolated elements strategy. This finding suggests that even
though, the cognitive load was reported lower during instruction in isolated elements
treatment, as the tasks elements were taught as isolated tasks, there was an additional
burden in integrating them during simulator performance flight test.
However, despite the higher cognitive load, participants in the telling-and-doing
treatment outperformed the isolated elements treatment in terms of learning procedural
knowledge. This finding was not in line with the main argument of part-task training that
studying individual subcomponents of a complex skill will improve performance on the
complex skills because the interaction is reduced (Carlson et al., 1990). Considering
higher performance of telling-and-doing group and the proximity of reported cognitive
loads between instructional treatment groups, it might be noted that the limits of the

learners’ working memory load were not exceeded during instruction (Kirschner, 2002)
in telling-and-doing group. This conclusion supports the other assumptions made earlier
that lowered difficulty rather than isolated elements would be more beneficial with regard
to more complex material (Gopher et al., 1989; Wightman & Lintem, 1985). These
findings suggest that the telling-and-doing method was more effective in learning
complex flying skills as it allowed the learner to keep the task as close as to whole task
without exceeding working memory capacity. This finding is also important in terms of
decomposing learning task into appropriate stages as subtasks should reflect the natural
unit of coordinated activity to facilitate skill acquisition (Newell et al., 1989).
There was a strong relationship between pretest score and achievement of
simulator performance flight test. This finding was in line with previous research
suggesting the validity of psychomotor ability in predicting pilot training performance
(Carretta & Ree, 1997; Ree & Carretta, 1994; Wheeler & Ree, 1997).
During instructional treatments, instructors noted that they received more
questions from isolated elements group than telling-and-doing group as most of questions
were related to the previous instructional content. In addition, instructors stated that the
isolated elements group often lost their situational awareness and were not able to
transfer what they had learned to the new situation. This finding is consistent with
previous research as it was stated that even though part-task methods were better for
individual task performance, they were not better in supporting learners to develop
learning strategies (Fabiani et al., 1989; Gerjets et al., 2004; Gopher et al., 1989; Lim et
al., 2009). Thus, this study suggests that the telling-and-doing method was better in
supporting learners to develop optimal flying strategies.
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Future Research
The simulator flight performance scores were accounted for 68% by pretest
scores. Even though, this statement was consistent with previous research (Ree &
Carretta, 1994), this finding suggests the limited effect of instructional methods on
achievements of psychomotor task elements. It was noted that the one-hour training time
was not enough for participants to improve psychomotor skills as it did not ensure
adequate time to practice psychomotor tasks. Future research should address ways to
provide participants with sufficient time to go beyond their pretreatment psychomotor
ability level, which would increase the effectiveness in assessing the impact of
instmctional strategy on achievement of psychomotor skills.
The psychomotor ability pretest was only used in ranking and distributing
participants into treatment groups rather than screening or eliminating them. However,
the data showed that there was an incremental in relationship between instructional
method and cognitive load when the low pretest performers were excluded. The lowpretest performers appeared unable to follow instructions because they were
overwhelmed and had difficulty with the duration and nature of the instruction. The
future research might consider using pretest to screen participants according to the nature
of the instructional content. Similarly, future research should address strategies that
address the needs of the low performer.
Using a real fighter simulator in this type of experiment might be a better option
as it provides higher fidelity and more accurate data. However, given the simplified
instructional content, cost, strict security procedures, the availability and required time in
exploiting simulator, using a computer based flying program might be a more cost

effective solution.
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APPENDIX A
The Introduction of Ground Controlled Approach (GCA)
GCA is a type of guidance system designed to provide lateral and vertical
guidance to pilot for landing. If the meteorological limits prevent pilot from reaching the
landing position ground controlled radar and personnel directs pilot for safe landing.
Since the MTO limits prevent pilot from reaching the landing position and some military
aircrafts might not have required avionics to execute final approach in a situation like the
one described, ground controlled radar and personnel directs pilot for safe landing. In this
approach, the aircraft’s position, both horizontally and vertically, is monitored by ground
controller on the radar scope. Then, the ground controller transmits verbal instructions to
the pilot and pilot executes those directives in order to reach decision point safely.
The ground instructions include both descent rate (glide path) and heading
(course) corrections necessary to follow the correct approach path. There are two lines
that must be tracked for successful approach: one for azimuth showing the aircraft's
position relative to the extended runway centerline, and the one for the elevation showing
vertical position relative to the ideal glide path. Pilots are continuously informed about
their attitude regarding to required paths and threshold through verbal guidance. Pilots set
cockpit instruments, thus aircraft attitude, by maneuvering aircraft according to the
controller guidance.

APPENDIX B
The Introduction of Cockpit Instruments
Attitude Gyro
It provides a continuous visual display of the aircraft’s attitude with respect to the
earth for every maneuver around the longitudinal (pitch) and lateral (roll) axes, as well as
banking angles. That is, the pilot can maneuver the aircraft to any desired position, such
as 10° nose-up and/or 20°bank, thanks to attitude gyro, or in other words, the pilot can
understand the aircraft’s horizontal position by means of this instrument. The attitude
gyro used in the simulator is presented in Figure B l.

Figure B l .Attitude Gyro.

Figure B2. Speed Indicator

Air Speed Indicator
It shows speed as a nautical mile per hour. The speed indicator used in the
simulator is presented in Figure B2.
Horizontal Situation Indicator (HSI)

It combines the directional gyro and the navigation information into one
instrument by providing pictorial plan view of the aircraft with respect to magnetic north,
selected course, and selected heading, which reduces pilot workload. In addition, an HSI
makes it easier to visualize the aircraft's position with reference to the selected course or
holding patterns. However, as described in the design section, given the knowledge level
of learners and the aim of the study, only heading information will be used during
learning. The HSI used in the simulator is presented in Figure B3.
Vertical Speed Indicator (VSI)

Figure B3. Horizontal Situation
Indicator (HSI)

Figure B4. Vertical Speed Indicator
rvSTl

It indicates whether the aircraft is climbing, descending, or in level flight. The rate
of climb or descent is indicated in feet per minute. If properly calibrated, this indicator
will register zero in level flight. The vertical speed indicator has 100-ft calibrations with
numbers every 500 ft. The VSI used in the simulator is presented in Figure B4.
Power Indicator
Engine rotor speed in percent of rated rpm of each engine is provided by engine
tachometer indicators on the instrument panel. Even though there are other engine
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instruments might be used in adjusting power, such as exhaust gas temperature or nozzle
indicator, RPM instrument will be used as primary source of power indicator in order to
keep it as simple as possible. 100% indicates maximum power whereas 50%
(approximately) shows minimum power. The airspeed indicator used in the simulator is
presented in Figure B5.

Figure B5. RPM Indicator
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APPENDIX C
The General View of F-5 Simulator Front Cockpit

Figure Cl. The general view of F-5 simulator front cockpit.

APPENDIX D

88

The External View of F-5 Simulator and Control Station

Figure D l. The general view of F-5 simulator.

Figure D2. The general view of F-5 simulator control station.

APPENDIX E
The Test for Achievement of Procedural Knowledge and Answers
(Answers are in Italic)
1. What degree does each bank line show in attitude gyro? (5°)
2. What does mean “ 1” in VSI? (1000feet per minute)
3. What does mean “2” in heading indicator? (heading 020°)
4. How many FPM does the circle in attitude gyro refer? (1)
5. The heading indicator shows “ 1”.
If you need to move indicator to over “3”, which side should you turn in? (Right)
6. You noticed that you are heading “2” where you are supposed fly heading “3”.
What bank degree should you use in turning? (5°)
7. The circle in the attitude gyro is one circle size above the horizon and you read
0.5 in VSI. What would cause that? (low speed)
8. Which indicator must be glanced before going another indicator to monitor?
(attitude gyro)

/

9. When you start turn in, what should you to maintain bank degree? (monitor bank
scale in the attitude gyro)
10. Why should not you grasp stick too firmly? (it decreases the sensitivity o f stick
movement)
11. The VSI is at the right side of attitude gyro. True False
12. The heading indicator is below the attitude gyro. True False
13. The airspeed indicator is at right side of attitude gyro. True False
14. If the VSI indicator is pointing above zero, the aircraft gains altitude. True False

15. If the descent rate increases, the airspeed increases, too. True False
16. If the climb rate increases, the airspeed increases. True False
17. If you push stick forward, the aircraft descends. True False
18. If you hold the miniature aircraft position in the attitude gyro constant, the
decrease in airspeed will increase the VSI. True False
19. If you change the position of miniature aircraft’s position, it will change the bank
degree as well. True False
20. The faster you do psychical movements, the fewer mistake you make True False
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APPENDIX F
Cognitive Load Measurement
The NASA Task Load Index including a set of six rating scales is developed for you
to use in evaluating your “workload” experienced. The factors that influence your
experience of workload may come from the task itself, your feeling about your
performance, how much effort you put in, or the stress and frustration you felt. Because
workload may be caused by many different factors, we would like you to read the
descriptions of scale carefully evaluate, this set of six rating scales, and put an “X” on
each scale at the point which matches your experience. If you have any questions about
any of the scales please ask me about it.
Subscale/Q uestion

Mental Demand:
H ow mentally demanding was the

R ating Scale

1 1 1 1 1 1 1 1 1 !

1 I I

I I

Very Low

1 1 I I

1

Very High

task? H ow much mental and
perceptual activity was required
(e.g. thinking, deciding,
calculating, remembering, looking,
searching, etc.)? Was the task easy
or demanding, simple or complex?

Physical Demand:
H ow physically demanding was

1 I 1 1 1 1 1 1 1 1

1 1 1 1 I I

V ery L ow

1 1 1 1
Very High

the task? H ow much psychical
activity was required (e.g. pulling,
pushing, turning, controlling,
monitoring etc.)?

Temporal Demand:
H ow hurried or rushed was the

I I

1 1 1 1 !

1 1 1

1 1 1 1 1 1 1 1 1 1

V ery Low

Very High

pace o f the task? How much time
pressure did you feel due to the
rate or pace at which the task or the
task elements occurred?

Performance:
H ow successful were you in

I I

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

Good

Poor

accomplishing what you were
asked to do? H ow satisfied were
you with your performance in
accomplishing these goals?

Effort
H ow hard did you have to work to

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

V ery Low

Very High

accomplish your level o f
performance?

Frustration:
H ow insecure, discouraged,
irritated, stressed, and annoyed
were you?

1 1 1 1 1 1 1 1 1 1
Very Low

1 1 1 I I

I I

1 1 1

Very High
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APPENDIX G
The Achievement of Simulator Flight Test and Procedural Knowledge Test Scores
Isolated elements method

Telling-and-doing method
Instructor A

Instructor A

Instructor B

Instructor B

Participants
Number

Simulator
Score

Written
Test

Participants
Num ber

Simulator
Score

Written Test

Pa* ciPa" ts
Number

Simulator
Score

Written Test

20

2

78

18

3

84

20

4

78

19

82

20

5

78

18

6

79

17

7

81

19

11

66

16

12

76

17

9

60

19

10

59

17

14

80

20

15

59

16

16

61

16

13

58

16

17

41

16

18

40

15

19

46

16

20

54

17

21

35

19

22

23

14

23

37

15

24

53

16

28

72

19

25

52

15

26

54

16

27

40

14

31

52

18

32

42

17

29

60

19

30

47

15

34

36

15

35

37

17

36

26

13

33

47

16

37

40

16

38

35

16

icip
umb

Simulator
Score

1

80

8

w

tt T
n en es
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APPENDIX H
The Participants’ Cognitive Load (CL) Measurements
Telling-and-doing m ethod
Instructor A

M eans
(SD)

Isolated elem ents m ethod
Instm ctor A

Instructor B

Instructor B

Participants
Number

Cognitive
load
instruction

Cognitive
load Test

Participants
Number

Cognitive
load
instruction

Cognitive
load Test

Participants
Number

Cognitive
load
instruction

Cognitive
load Test

Participants
Number

Cognitive
load
instruction

Cognitive
load Test

1

8.6

10.4

2

12.0

11.4

3

14.2

12.8

4

13.8

13.6

8

13.8

14.2

5

10.0

11.2

6

10.0

9.6

7

12.4

14.2

11

14.8

15.8

12

14.2

14.0

9

17.0

14.4

10

10.0

12.6

14

15.8

15.4

15

12.8

13.4

16

12.4

11.6

13

14.0

12.6

17

12.0

12.2

18

10.4

9.8

19

14.6

14.8

20

7.2

9.0

21

10.6

10.0

22

10.4

9.8

23

13.6

13.0

24

9.6

10.2

28

15.0

15.6

25

10.2

10.4

26

11.8

10.6

27

7.4

7.8

31

10.6

13.0

32

12.4

11.6

29

11.4

13.4

30

9.4

10.8

34

12.2

12.2

35

14.6

11.6

36

11.0

10.6

33

11.6

13.2

37

10.4

9.0

38

12.4

14.2

12.38
(2.38)

12.78
(2.46)

12.89
(2.17)

11.74
(1.62)

11.94
(1.66)

12.31
(1.81)

10.60
(2.52)

11.56
(2.21)
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